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ety, simplicity, and efficiency of the pump- 
ron rectifier are immediately suggested in 
ture and design. Multiple sealed tanks 
in a grounded enclosure are easily installed, 
1, and accessible for periodic inspection. 
e no rotating parts and no evacuating 
With these advantages, the new rectifier 
idy proved reliable equipment for ore- 
ower supply, transportation service, and 
tems in which large blocks of alternating 
oust be converted to direct current. (See 
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grades, each featuring specific characteristics 
to meet particular needs. Since proper appli- 
cation of the right grade of MYCALEX has 
resulted in simultaneous product improye- 
ment and lower cost in hundreds of instances, 
it’s good business to check with MYCALEX 
before specifying sheet, rod, fabricated or 
molded insulation. 
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with band widths up to 2 megacycles can be delayed 
4.25 to 10 microseconds. Available in lengths up to 100 ft. 
jequals approximately 14 microsecond per foot. Charac- 
! impedances of 1100 and 400 ohms per foot are avail- 
By ordering in bulk, lengths can be cut to fit specific 
# Can be bent into 4-inch diameter coils. Uses include 
th and development of special circuits for electronic 


r See Bulletin GEC-459 for further information. 
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curately detecting, controlling, and measuring light and 
btecting and measuring even the smallest variations in 
These cells are especially useful where long life and 
ate required or where electronic amplifiers are not 
al. Available in a new hermetically sealed series with 
d mounting and a wide variety of unmounted sizes. 
G-E photovoltaic cells than any other make are used in 
fic instruments. Characteristics, dimensions, circuits, and 
cal data are available in Bulletin GEC-690. 
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for reliability and long service 
he G-E Type SB-1 transfer and 
91 switch can be used for more 
10,000 possible citcuit-sequence 
inations. Precision construction 
ts as many as 40 stages — four 
-of ten stages each — to be oper- 
n tandem. Switches with up to 
ges and 12 positions are com- 
, furnished. Ratings go up to : 
ip at 600 volts a-c or d-c. Standard components are inter- 
eable. Complete description in Bulletin GEA-4746. 
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. - . HIGH-VOLTAGE UNITS HAVE 
LIFE EXPECTANCY OF OVER 
60,000 HOURS 


Now available from General Electric, these 26-volt RMS 
selenium rectifier cells have a continuous-service life 
expectancy of over 60,000 hours. Their initial forward 
resistance is very low and samples tested after 10,000 
hours of operation show an average resistance increase 
of less than 6 per cent. 

The high-voltage output means that stacks made up 
of these units are about 25 percent smaller than is pos- 
sible with 12-volt cells. Low resistance means cooler 
Operation and the space saving that goes with it. 

If your application calls for compact selenium stacks 
for use in cramped quarters, these cells provide the solu- 
tion. Stacks made with the new G-E cells may be ob- 
tained with rated outputs from 18 to 126 volts d-c at 
0.15 to 3.75 amp. Check Bulletin GEA-5280. 
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“THE CHANGING OF THE COATS” 


Transferring the official jackets in a symbolic ceremony as retired General 
Electric engineers and specialists take over from the younger engineers the duties 
of manning the ‘’More Power to America Special’’ exhibit train. (See opposite page) 
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TO THE YOUNGER ENGINEERS 


. NTLY in the General Electric Company we 
i tnessed a unique experience. In the past year 

had a “‘More Power to America Special’ ex- 
fain which has toured the country with 2000 
ps of electrical ideas and equipment. The train 
ivelled 30,000 miles, has visited 158 cities, and 
In visited by over 200,000 people. Until the last 
| train was manned by twenty of our younger 
Irs. But every engineer we have is needed on the 
fial firing line. Thus, twenty of our retired engi- 
nd specialists volunteered for temporary service 
now-famous train. 

e twenty engineers have a total service of 833 
ithey have a total of 94 patents to their credit, 
| r have received the Charles A. Coffin Award, 
thest honor bestowed by General Electric. They 
Int the engineers who were responsible for the 
Ss on the train. They represent the engineers 
Ad no idea of these particular equipments when 
egan their engineering service over forty years 
they represent the engineers who have bestowed 
7 eritage of engineering accomplishment upon the 
Pr engineers and their associates, that they go 
H into the development of new equipments which 

i for the days to come. 
|} FRONTISPIECE shows the ceremony of transfer- 
e official jackets from the younger to the older 
brs. Usually in life it is the older engineers who 
ne baton to the younger, but here, because of the 
y of the times, it is the older engineers who are 
ng the responsibility to free the younger for the 
1 work ahead. In the background stands the 
with ideas and equipment of the highest in 
ering standards and achievement. Thus is sym- 
1 an outstanding quality of the engineering pro- 

that the older engineers are eager to help the 
sr, a quality which brings strength to the pro- 

‘and merit to the contributions. 

engineering profession is the richer today as 

of the students in our engineering schools are 
d their engineering degrees. Engineers every- 
welcome them into the profession. 
ineers can be of great help. and counsel to the 
er engineers of today when they are entering the 
sion in a period the like of which there has never 
sefore. Never have we put ourselves to building 
zajor defense economy together with our indus- 


; 
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trial economy to prevent a world war through superior 
strength. The problems to be solved are for the most 
part new, and they have to be solved under the most 
difficult of conditions, under conditions that require 
a thorough understanding of the fundamentals in- 
volved, and of the details involved, to assure the 
optimum application of our abilities. And under condi-_ 
tions that require that we will have faith, and that we 
will not falter. And that we will have great moral 
strength to sustain our physical strength. 

Philip Sporn’s article in this issue of the REVIEW 
pictures the phenomenal progress in the past years 
that has resulted from the contributions of the engineer 
and all of his associates working together. And he also 
describes the lack of the engineer’s participation in 
the broader community life. The material results have | 
been outstanding. But the social situation is far from 
our desires. 

The main business of the engineer is the solution of 
problems. The situation which the young engineer finds 
today should urge him to give a place in his future 
engineering life work to the solution of the social 
problems that are bound to come as we move on into 
the new. This is a challenge to the younger engineers 
as they advance. To solve these problems they will 
have to carry their activities to their associates and to 
their contemporaries in the other professions and in 
trade. Thus will come about that more complete 
participation by the engineer in his public life which 
seems more and more essential. 

And I bring to the younger engineers the famous 
WE BUILD quotation from Ruskin, which I found in 
Kiwanis and which my friend Dr. David Steinman, 
builder of bridges, has also been bringing to the engi- 
neers: 


WE BUILD 


Therefore, as we butld, let us think that we build 
forever. Let it not be for present delight, or for present 
use alone; let it be such work as our descendants will 
thank us for, and let us think, as we lay stone on 
stone, that a time 1s to come when these stones will 
be held sacred because our hands have touched them, 
and that men will say as they look upon the labor and 
wrought substance of them: ‘‘See! This our fathers 
did for us!” —RUSKIN 


EVERETT S. LEE 
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THE ENGINEER, 


THE MACHINE AGE, AND 
THE WORLD OF TOMORROW 


Many of today’s problems are the consequences of the present 
industrial revolution. To guide the world along the proper 
He course, constructive leadership is a requisite. A challenge | 
the engineer to prepare for and to provide that leadership A 


Ea IS commonly accepted that the industrial revolu- 
tion was initiated in England and that it began 
roughly with the development of Newcomen’s engine 
of 1705 and more definitely with the improvements 
made by Watt about 1774. At first, this made it possible 
to do away with human labor for such backbreaking 
tasks as pumping and hauling. Then came the mechani- 
zation of scores of industrial activities: spinning, 
weaving, fabricating, and many others. And, because 
the power for these industries had to be developed in 
large units, the development of the engine eventually 
led to centralized industrial operations and to the sub- 
division of these operations, to large centers of activity 
and to concentration of population at these centers, 
with some good and many evil consequences. 


The New Industrial Revolution 

No such recognition has yet been given to the new 
industrial revolution which is taking place in the United 
States of America. This revolution is characterized by 
machine production, intense technological develop- 
ment, intense specialization, and a much higher rate of 
production per unit of human effort—that is to say, a 
great increase in productivity. It has been accompanied 
by, and has enormously stimulated, the spreading out 
of industry beyond the large centers. The development 
of electric power and its universal availability through- 
out the United States has been an important factor in 
this revolution. And an even more important factor has 
been the relatively negligible cost of the mechanical 
energy that electric power has placed at the beck and 
call of every worker in industry to lift and haul, cut and 
chip, hammer and weld, spin and weave, transform and 
refine, and to carry out the myriad operations in 
producing the profusion of goods and services avail- 
able today. 


Standard-of-living Changes 

As a direct consequence of this new industrial revo- 
lution, we have a standard of welfare unequaled in 
history. 

Let us look at what has happened here in the United 
States over the past twenty-five years. Table I com- 
presses into four groups, A to D, a number of indicators 
of the change in the standard of living during this period. 


Presented as an address at the 1951 Engineering Conference, Virgini 
Polytechnic Institute, February 23, 1951.—EbiTor. : a imer 
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t By PHILIP SPORN 


President, American Gas and Electric Company 
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[mbes per 


In Group A are placed two fundamentals: life spe 
health care. Group B, covering the next four 1 
shows the data on national income, wages & 
hours worked and the consumers’ price index. Gre 
includes three typical items commonly thoug 
represent amenities of living: passenger-car reg 
tions, telephones, and radio sets in use. And ff 
in Group D, data are given on two of the f 


TABLE I 


SoME INDICATORS OF THE CHANGE IN STANDARD OF LIVING 
UNITED STATEs, 1925-1949 


Group Fundamentals 1925 1949 
A Average male life expectancy 
at birth in year indicated | 57.8 yr 65.4 yr 
Hospital beds per 1000 popu- 
lation 6.9 9.9 ('47) 
B National income (billions) 76.0 221.5 
Average weekly wages, manu- 
facturing production work- 
ers $24.37 $54.94 
Average weekly hours, manu- 
facturing production work- 
ers 44.5 39.2 
Consumers price index (1935— 
1939 = 100) 169.1 
C Passenger-car registrations 17,439,701 35,904,770 
Number of telephones (total 
US.) 16,935,918 40,709,398 
Number of completed calls 
per capita 355.4 
Number of radio sets in use in 
US. ; 4,000,000 81,000,000 
D Electric power production, 
total-billions of kwhr 344.5 
Electric power production, 
Total-kwhr per capita 743 2310 
Steel production—short tons 45,393,524 77,978,176 
Steel production—tons per 
capita 0.391 0.521 


actors upon which the others, more immedi- 
presentative of the standard of living, are de- 
: electric power production and steel pro- 


} indicators reflect a most remarkable achieve- 
| the history of the advancement of human 
} Who can fail to be ithpressed by the fact that 
yuarter century 1925 to 1949 average life ex- 
r increased 13 percent and average weekly 
yent up 125 percent, while weekly hours went 
percent? Or by the striking increase of 211 
Mand 33 percent in per capita production of 
myenergy and steel—both of basic importance? 

Wyet, remarkable as this accomplishment is, 
yrtainly can be no question that all is not well 
s individuals or as a nation, nor with the world 
Hole. Among individuals, even in this country, 
no general happiness; in the nation there is no 
g satisfying and strength-giving pride of 
nent with confident hope for the future; abroad 
} no peace, in many quarters almost no hope. 
Hiould go so far as to say that no hope is being 
for the Western system of civilization—for all 


ls Confronting the Modern World 

jare we to work our way out of the deep morass 
1 to have gotten into? How are we to bring 
ontrol the forces we have let loose? If it is a 
t our difficulties lie in the failure of our eco- 
social, and moral ideas to keep pace with the 
of technology, can we find our way back by 
ig a moratorium on scientific and technological 
2 and development? That has been suggested. 
&, it has been said, we can retrace our steps and 
Jislands of primitive simplicity and self-suffi- 
iIs that the answer? Or is the answer an escape 
her-worldliness, and the pursuit of a course that 
Wehrough a religious revivalism lead to the re- 
tnt of our present civilization by a “‘world-wide 


hs been proposed by Toynbee. 

st admit that I cannot see any salvation in a 
bo ancient ways. It seems to me that we cannot 
I. If one examines figures of energy production 
Icivilized countries of the world, one finds star- 
iscrepancies in individual use. Whereas, for ex- 
the kilowatt-hours produced per capita of popu- 
& around 2500 in the United States, it is a piti- 
In Pakistan, 4 in China, and only 14 in India. 

| does this mean? Just this: On the average each 
‘being in a country as technologically advanced 
Ynited States has at his call 2500 kw-hr per year. 
| less technologically developed countries the 
bnding figure is not 1/20th of that value in 
f the better cases, and as little as 1/100th in the 
A s a consequence, in those countries the human 
} reduced to the role of an energy producer. But 
1 one reconcile man’s humanity or his having 


Hluring reign of the Church Militant on Earth?” . 
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been created in the image of God with the idea of 
valuing him and using him primarily as an energy 
producer? Keep in mind that the average healthy 
human being so used can at best produce 1 kw-hr in the 
course of a 12-hr working day. No, it seems to me that 
a return to the path of preindustrial development 
is not going to make things right. On the contrary, we 
must continue on the road along which we can lift 
heavy toil from the back of man. 

Nor does the answer lie, it seems to me, in any 
religious revivalism. That does not mean a denial of 
the place religion and religious experience can occupy 
in the growth and enrichment of the human spirit. 
But I am convinced that.such dislocations and mal- 
adjustments from which we suffer cannot be cured by 
neglecting them and going off into another sphere by— 
to borrow an engineering term—mixing dimensions. 


The Course to Follow 

What, then, is the answer? In which’ direction can 
we travel? If we cannot go back to primitive simplici- 
ties and barbarities—and, if we cannot escape into 
a world of other-worldliness, then there is only one 
route left: continuation along the same route we have 
been traveling—the route of industrialization and mass 
production. But, if we follow that course, will that not 
lead to disaster—some of it being almost directly 
ahead? I am deeply convinced that need not be so. 
Certainly not, provided we utilize the needs, and respect 
the limitations, of human nature as they have developed 
since the dawn of history; and provided we take ad- 
vantage of the possibilities of enlarging both raw- 
material supply and production, and the improvements 
in social relationships as these have been elaborated and 
tested by human experience. If, in short, we bring to 
our side a dynamic concept of human capability; if we 
test it realistically as we go along; and if we carry it 
forward with faith in ourselves and in human progress, 
and with our ability to promote that progress. 


Aspirations of Western Man 

In her book on the problem of survival facing the 
West, Barbara Ward observes that the ideas and as- 
pirations of Western man are far from materialistic. 
They are in fact the most startlingly spiritual forces 
that have ever affected society. Starting with an es- 
sentially static world, there emerged some three thou- 
sand years ago new forces which wrought probably the 
most radical transformation of the human race since 
man became recognizable man. These are the Graeco- 
Judeo-Christian ideas which are the heritage and foun- 
dation of our modern Western civilization, and in which 
the basic Greek contribution was rational vision and 
the Judeo-Christian contribution was moral vision. 

Out of that, there grew man’s desire to transform— 
and his belief in his ability to realize that desire; his 
desire to create; and his desire to seize on natural 
circumstance, and to change and mold it to the use of 
man. Looked at from this perspective, it is the ideas of 
our Western civilization which stand out as the truly 
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revolutionary ideas of the world, and these are the 
ideas which must be carried forth if salvation is to be 
brought to man. 


Need for Constructive Leadership 

Shall we, then, retrace our steps? Denounce the in- 
dustrial revolution? Try to arrest the second industrial 
revolution which in my view has already been going on 
for a long time? Some, like Norbert Wiener, think we 
are only heading into the second industrial revolution, 
but I like to think that it began some twenty-five years 
ago and that what we are heading into now is merely 
its full development. This development is going to 
carry to much greater heights the present mass-pro- 
duction techniques. During this phase, automatization, 
of which we have seen a good beginning, will be carried 
much further, aided by the use of such devices as the 
computing machine and the vacuum tube. We ought 
to encourage these trends and developments. At the 
same time, we need to give them leadership. 

Where and how shall we get that leadership? It is not 
likely that we shall get it from those scientists and social 
scientists who use a secure position of authority in 
their own special sphere as a springboard for pro- 
nouncements about the world at large. Atomic energy 
has given us some good examples of this habit. Since 

Hiroshima there has been a great preoccupation with 
peacetime uses of nuclear energy, and a vast amount of 
nonsense on the subject by specialists whose knowledge 
of the world was too limited to furnish them with a 
sufficiently broad perspective. 

We are told by these authorities that if only man 
were perfect he could now realize all the benefits of an 
atomic cornucopia, do away with want and disease, and 
secure riches for all. Or again, that the world can be set 
free by the atom, if only the world will first set both 
itself and the atom free. The use of atomic energy for 
bombs, we are warned, has been allowed to compromise 
the necessary potentialities of the long-time use of 
atomic power to replace oil and coal which it is said 
are within centuries, if not decades of exhaustion. 

It is obvious that these views—taken from a variety 
of sources which should be responsible—have this 
unifying trait: they ascribe almost supernatural powers 
to atomic energy that simply are not there. Because, 
stripped of its nuclear physics or the complex chemistry 
of its separation, and even more of the rhapsodic wor- 
ship it has inspired, plutonium U235 or U233, if either 
of them find use in production of energy, will find ap- 
plication to replace conventional fuels. True, if we can 
only bring about the solutions of a number of difficult 

engineering and economic problems, they may become 
most superior fuels. Highly concentrated—one pound 
being capable of developing heat equivalent to that of 
fifteen hundred tons of bituminous coal—such fuel 
would be easily transportable. It thus holds out hope 
of becoming a universally available fuel; and perhaps 
“a more economical fuel than coal, oil, or gas. The de- 
velopment of nuclear fuel may therefore bring lower- 
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executive branch of the government—the Securiti 
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cost heat energy and particularly lower costs of 
tion of electric energy. 

Is that important? Yes, very. But only to the 
that lower-cost fuel is an important item in the 
electric energy. That means, therefore, that if 
be important in such operations as producing 
num, magnesium, chlorine, or titanium, and of 
no direct importance in ordinary industrial ope 
or in household use. But this admitted import 
hardly such as to warrant an assignment to the 
ment of atomic power of a value as cosmic as thos 

Admittedly, atomic energy lends itself to a 
amount of etherealization. In matters more f 
we should logically be more stable. But is thei 
thing less realistic than the fetishism with whic 
have surrounded hydro-electric power and wi 
summed up in the remark of an otherwise resp 
economist who asserts that steam-electric 
aristocratic while hydro-electric power is demoe; 


Inertia of the Engineer in Public Affairs 

The remarks of scientists and social scient 
which I have been referring suggest a rather 
lack of comprehension on their part of the n 
world of today. One would expect that the very 
ulars in which their understanding is most inad t 
could best be supplied by the engineer. After 
is the one who developed and applied the machin 
nology which is the Western world’s most consp 
characteristic. One wonders why he does not | 
larger share in providing the leadership whic 
world so desperately needs. Actually, enginee 
hardly represented at all in leading roles in public 

The Cabinet of the most powerful democratic 
does not include a single engineer. In the 81st 
of the United States there were only 7 engineers 
432 members, while the legal profession, for ex 
furnished 259 men. There were only 5 engineers 
Senate, as contrasted with 66 lawyers. Or consi¢ 
sobering fact that among the commissioners of p 
the three most important administrative bodies 


Exchange Commission, the Federal Power Comm 
and the Atomic Energy Commission—there is on 
engineer; he serves on the Atomic Energy Com 

I do not pretend to know what accounts for t 
gineer’s aloofness from public activities. Perhag 
simply that the environment of politics—in th 
sense of the term—is too alien an atmosphere f 
who has been taught to believe that the world i: 
posed of solid facts, that its variables can be ba 
by contingency factors, and that any compror 
questionable. Whatever the ultimate cause, it se¢ 
me that engineering is not widely represented in 
affairs because engineers, consciously or uncons¢ 
have elected not to make the effort necessary to b 
involved. This condition ought to be corrected 
believe, the engineer has been and is the instr 
through which the second industrial revolution is 
accomplished. 


ndly speaking, responsibility for this inertia of 
ers in public affairs rests with the present gen- 
h of practicing engineers. In saying this, I mean 
the final analysis it is they who must be held 
(sible for the condition of our technical schools. 
are the ones who propagate the new generation, 
ey propagate in their own image. What are they 
x up as their image? In general, the definitions of 
ering adopted by engineers stress the technical 
Ws of the field, frequently along quite a narrow 

The engineer thus restricts himself to the 
ed role of technician; he does not even allow 
f the breadth of field that goes with the concept 
nologist. 


ader Scope for the Engineer 
re does this narrowness of view and aim start? 
st as far back as the beginning of the future en- 
| ’s technical education. It may well go farther back 
lave its beginnings in the preparatory or high 
h. It may very well be that here is molded in al- 
fpermanent form the ideas that engineering con- 
kolely of the application of science to the design, 
| uction, and operation of machines and equipment, 
| he carrying on of processes “‘for the aid and con- 
| 
| 
| 
; 
| 


ince of men’’; that those studies and interests 
contribute directly to these stated aims are 
r and should be encouraged; and that other 
ies and interests are not only divagational but are 
Now soft and inconsistent with such an obviously 
y profession as engineering. 

| hat is so, then as far back as the upper levels of 
preparatory schools it is necessary to introduce 
fular changes which will emphasize the potential 
th of engineering and the engineer’s role, and 
; the socioeconomic usefulness and importance 
hnologists in modern society. The future engineer 
be made to see not only that he will join a pro- 
n of technologists, but also that he should become 
fluential member of the much broader group who 
her are the architects of social progress, a cir- 
tance that gives them boundless opportunities. 


onsibility of Educators 

ually important, we must make it clear that the 
magnitude of the potentialities imposes heavy 
mnsibilities on those who as educators undertake 
cask of molding and guiding the development of 
uture engineers. For it is the teachers in the pre- 
tory schools who can best plant the idea that the 
of the engineer is fully consistent with knowledge 
understanding of the social sciences and the arts. 
matter of fact, I think the case warrants a much 
ier statement. A thorough grounding in the hu- 
istic disciplines is indispensable to the engineer’s 
levelopment and to his assuming any real leader- 
in the world of today. 

1e place to begin on this new road is the secondary 
‘1, but that is only spadework. The real work must 
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be done in the engineering college or technological 
institute. And this will be impossible unless we recog- 
nize squarely that by and large our engineering educa- 
tion has tended altogether too heavily toward the vo- 
cational. The curricula in the schools that propose 
to train engineers in the fullest sense must be broad- 
ened; more time should be devoted to social sciences and 
humanities. This may mean a reduction in time de- 
voted to the specific engineering subjects—the sub- 
jects which are supposed to impart practical knowl- 
edge. But, if a choice has to be made between this and 
the acquisition of the broadly based knowledge of 
society, past and present, the answer should not be 
difficult. Not “know-how”, but an understanding of 
the process for acquiring it and how to use it is what 
we have to aim at. 

The last, it seems to me, is of particular importance. 
There is a general feeling, certainly prevalent in the 
United States, that we have in the past absorbed too 
many facts and thought about them too little; this ap- 
plies with particular pointedness to engineers and en- 
gineering education. A great Polish scholar and philoso- 
pher, who lived and taught among us for many years, 
first pointed out some thirty years ago that the es- 
sential characteristic that differentiates man from plant 
and animal life was that, whereas plants possess chemis- 
try-binding abilities and animals space-binding quali- 
ties, man is the only creature on earth who possesses 
the unique capacity to accumulate knowledge. The 
engineer trained in science and engineering is apt to 
over-idealize this time-binding characteristic of his 
profession. For there also exists in human experience 
much knowledge that is noncumulative in the sense 
that the engineer’s analytical methods and procedures, 
equations, formulas, and tables are completely cumula- 
tive. The knowledge relating to literature, philosophy, 
music, and art is of a different and infinitely less palpa- 
ble kind. The broadening experience of these, no less 
than strictly technical study, is needed by engineers 
who want to assume a part in leadership in the world 
of tomorrow. 


A Significant Step in Education 

A significant step in expanding the scope of engineer- 
ing education has been taken within the past year. 
Several of our leading universities had already demon- 
strated that the integration of technical schools within 
the university community, and the resultant close 
association between technology and the liberal arts, 
can do much to increase the effectiveness and vitality 
of all concerned. The new step is an extension of this 
idea. For the first time a technological university has 
organized a truly strong program in the liberal arts. 
I refer to the new School of Humanities and Social 
Studies at the Massachusetts Institute of Technology, 
one of the world’s great institutions of engineering edu- 
cation. This school was not established with the idea 
of providing another institution where men could be 
trained primarily in the liberal arts. The idea was to 
enable the Institute to broaden and deepen its activi- 
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ties in these fields and to educate men to be effective 
citizens, as well as effective professional engineers—to 
be, in other words, technologists and engineers and not 
merely technicians. 

The mechanism for gaining this objective need not 
necessarily be the same in other engineering institu- 
tions, but the basic idea needs to be developed and im- 
plemented by many more schools. I haven’t any doubt 
that only after this is done will we succeed in establish- 
ing a satisfactorily broad foundation for training the 
better-rounded engineer sthat the future demands. 


Responsibility of the Mature Engineer 

Nor can any program for enlarging the scope and 
vision of our engineer stop with the schools. The present 
generation of mature and successful engineers also have 
a responsibility in this process. This involves the 
closer integration of the engineers with one another and 
with the professional schools and colleges; each with 
his own alma mater, most naturally, but also with the 
other institutions with which his work and practice 
naturally bring him in contact. So many engineers of 
outstanding ability, upon reaching maturity, rush 
headlong along a road that will keep them as far away 
from engineering as possible. In doing that, they sepa- 
rate themselves from engineering and engineers, and 
also from their problems and the institutions where 
these problems are being considered. Although many 
of the engineers in this group would be emphatic in 
their denials of any such intent, they nevertheless 
generally imply that the profession and practice of 
engineering is not quite a satisfying occupation, al- 
though it may be an excellent stepping stone to some 
“higher” or at least more “responsible” form of activity. 

This, it seems to me, is a great pity. Because I be- 
lieve that out of such judgment and action the en- 
gineers who have advanced in their profession not only 
lose an opportunity for spiritual expansion and satis- 
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faction, but—and this is when the common wi 
suffers—they fail to give the younger generat 
engineers what they might otherwise be able to tf 
mit of their own growth and development. 

Such men can not only teach and contribute by 
cept and example, but also have an opportunity tog 
agate one of the most important ideas that needs 1 
implanted in the mind of the young engineers 
dynamism of engineeering. The tendency toward 
awing the young engineer with the vast amour 
accumulated knowledge that he has to acquire in 
tends to sterilize his creative faculties before they 
had an opportunity to blossom. It is the older gei 
tion of engineers who can furnish out of their experi 
the necessary distillate to avoid such deadly thin 
and to establish the vitally important truth that) 
an engineer learns in his years at school, and in 
early years of practice, about what others have ¢ 
before him is but a prelude to what can be done 
what is open and possible for him to do as he mat 
in his profession. 


The Effective Engineer in Society 

It is the engineer educated in the basic sciences, 
humanities, and the social sciences, and thorow 
grounded in engineering principles and ideas who 
find opportunities for constructive leadership. They 
gineer who is equipped initially with enough tool 
begin working in his profession, but who more and 
relies on new ones that he acquires as he goes alon 
he is the engineer who can stay buoyed up by the gs 
of growth and progress and who can imbue others 1 
this spirit. It is this engineer, with his knowledge of: 
machines that characterize and make _ possible 
world of today, who can not only help create the 
of tomorrow but who, taking his proper place in pull 
affairs, will also help run it for the physical benefit 
spiritual advancement of man. 


As the Plastics Age Approaches 


The long-heralded “‘plastics age,’’ when 
even large household furniture articles 
will be molded in one piece, was brought 
a step closer by the recent completion of a 
huge plastics-molding press weighing 
nearly as much as a locomotive. 

The 135-ton press is capable of produc- 
ing such furniture items as end tables and 
kitchen cabinets weighing up to 13 pounds. 
Other products of the same weight but 
simpler in design can be molded at the 
rate of two a minute, 

The new press has been installed in 
anticipation of the coming trend for larger 
parts made from colorful plastics materials, 
and can turn out up to 1000 pounds of 
molded plastics hourly. First products to 
be molded on a production scale will be 
refrigerator parts, including trays, al- 
though there is virtually no limit to the 
type or shape of parts which the press can 
mold, 
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In operation, hot liquid plastics ma- 
terial is forced into the mold under 100 
tons of hydraulic pressure. Following a 
quick cooling process, the molded part is 


automatically ejected. The whole op 
tion, from liquid stage to finished pro¢ 
takes from 30 to 90 seconds, dependin 
the part being molded. 


Pigeon-hole Parking 


An electric car parker—half trol- 
ley, half elevator—has quadrupled 
barking space in a Spokane 
(Wash.) lot. The parker runs on a 
track through the middle of a four- 
story structure of ‘“‘pigeon holes,” 
elevates to the desired level, and 
deposits the car in the proper slot 
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E combustion gas turbine has now reached a 
| ate of development where it can be applied in 
jower-generation field as an alternate to other 
pstablished prime movers. Operating and applica- 
Pxperience is still limited but, from the several 
lations that have been made or are planned, a 
hable field of application of this new prime power 
dwer generation can be established. It is the pur- 
bf this article to point out some of the differences 
en gas-turbine and other types of generating 
mos, to make some economic comparisons between 
us types of generation, and to indicate the most 
ble field of application for gas turbines for the 
ation of electric power. 


jurbine Units 
s-turbine units at present commercially available 
blatively small in output rating. Detailed design 
fperating characteristics of two of the units being 
ced by the General Electric Company have been 
‘hed in the technical press,» for which reason 
h few of these details will be given here. 
e first of these units is a 3500-kw single-shaft 
-cycle machine which was originally designed for 
hotive use and later adapted for central-station 
F generation. Fic. 1 shows the installation of such 
It in a generating station. Based on operating 
fience, this unit has been rated 4000 kw when 
ting on natural gas but, until further experience 
ained, will be rated 3500 kw when operating on 
er C oil. The thermal efficiency of this unit at 
kw is approximately 15 percent based on the 
r heating value of Bunker C oil; at 4000 kw, this 
mney is somewhat higher. Cooling-water require- 
are small, being only that required for generator 
ibricating-oil cooling. In locations where water is 
eearce, or difficult and expensive to obtain, these 
1g requirements could be taken care of by air 
s. This unit is rated at 80 F ambient air tem- 
ure and, like other gas turbine units, is subject to 
ions in available output with changes in air 
erature. Increased output is available at air tem- 
ures below 80 F, while above this temperature the 
1 must be reduced. For operation in areas where 
ambient air temperatures are common, it may be 
ambered references are listed at the end of the article. — Pea 
Fe Mace tnchtate of Technology —Eprion. 
i 
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The gas turbine as a new prime mover for power generation. How it 
differs from other types of generating systems; economic comparisons; 
and its probable field of application for generating electric power 


By A. G. MELLOR 


Central Station Engineering Divisions 
General Electric Company 


ER GENERATION BY GAS TURBINES 


economical—if sufficient water is available—to cool the 
incoming air by evaporative cooling or by surface air 
coolers. Fic. 2 shows the operating characteristics of 
the 3500-kw simple-cycle gas turbine. 


The second gas turbine developed (Fic. 3) is a 5000- 
kw compound-cycle two-shaft unit, with intercoolers 
and regenerators resulting in a thermal efficiency of 
about 26.3 percent based on the higher heating value 
of Bunker C oil. The two-shaft design, allowing the 
low-pressure compressor speed to vary with load, re- 
sults in much improved part-load efficiency, compa- 
rable to that obtained with a steam turbine. In addition 
to the cooling water required for generator and lubri- 
cating-oil cooling, about 800 gpm is required for inter- 
cooling. This is about two thirds to three quarters of 
the cooling-water requirement of a comparable diesel 
engine and only about one fifth to one sixth of that 
required by the same size of steam station. This 
compound-cycle gas turbine is equipped with variable- 
angle inlet guide vanes on both the low-pressure and 
high-pressure compressors to compensate for changes in 
ambient air temperature and altitude. This permits the 
unit to carry rated load, at a slightly higher fuel rate, 
at ambient air temperatures up to 110 F; at ambient 
air temperatures below about 60 F, this unit can deliver 
up to 6250 kw. Fic. 4 shows the operating character- 
istics of this unit at various ambient air temperatures. 

More recently, a third gas turbine has been developed 
which is rated 3500 kw. It incorporates a regenerator 
and is a two-shaft design. The thermal efficiency is 


A 3500-kw simple-cycle gas-turbine installation 


Fig. 1. 
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Fig. 2. Performance characteristics of 3500-kw simple-cycle gas turbine 
about 22 percent based on the higher heating value of 
Bunker C oil and, as in the 5000-kw compound-cycle 
unit, the two-shaft design results in good part-load 
efficiency. Cooling-water requirements are practically 
the same as for the 3500-kw simple-cycle unit. 

All of these units can burn either natural gas or 
Bunker C and diesel oil. At present, to change from gas 
to oil fuel or vice versa requires a shutdown to change 
some of the fuel-system components on the gas tur- 
bine. Development work now under way should result 
in a great reduction in the time required to convert from 
one fuel to another, it may even become possible to do 
this while the unit is carrying load. 


Gas-turbine Generating Stations 

In addition to the gas-turbine unit, a complete gas- 
turbine generating station requires a fuel-supply sys- 
tem, a cooling-water system, an auxiliary power sys- 
tem, the normal main-power connections, and switch- 
gear. 

Gas turbines that are normally operated on Bunker 
C oil must be started and shut down on diesel oil. 
For such units, it is therefore necessary to provide a 
diesel-fuel system, as well as a Bunker C fuel system. 
Bunker C oil must be heated and centrifuged before 
being delivered to the gas-turbine-driven fuel pump. 
To insure reliability, pumps, heaters, and centrifuges 
should be installed in duplicate. 
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The fuel system required for a gas-fired gas-tt 
station is considerably simpler than for an oi 
station. The only equipment required is a pre 
regulating valve and possibly a fuel-gas compr 
if the fuel is not available at a sufficiently high pre 
for use in the gas turbine. 

A reliable supply of auxiliary power must be ; 
able for starting gas-turbine units. Usually, this ¢ 
obtained from the power system but, occasi¢ 
where a unit is located at the end of a single 
mission line, it may be desirable to provide an et 
driven generator to supply starting power and st 
auxiliary power in case of transmission line oj 
The amount of power required for starting the u 
relatively large compared with the auxiliary 
required when the unit is running; thus the sti 
requirement determines the size of the auxiliary ] 
transformer or the engine-driven auxiliary gener% 

In general, the electrical equipment used i 
auxiliary power system and in the main-generatoi 
going circuits is of conventional design and doe 
differ from that used in other types of stations. 

As might be expected, the three gas-turbine 
previously described, being of different desigr 
different efficiency level, vary in cost per kilowé 
output; and this is reflected in the over-all station 
Table I shows estimated costs for complete gene: 
stations using these three types of gas turbines. ’ 
costs per kilowatt are based on the nominal rati 
the units and not on the maximum ‘output ava 
under favorable operating conditions. 


Operation of Gas Turbines 1 

A control has been developed) which provi 
semiautomatic starting and stopping of the un 
speed and load control, and for protection of th 
under abnormal operating conditions or in the 
of malfunctioning of any component part. This re 
the operator of much of the responsibility for ope 
of the unit, making it possible for one operat 
supervise one or more gas-turbine units. It is rea 
however, that most operating companies might. 
on having two operators in the station at all time 

In the design of this control, the possibility of 1 
ing completely automatic, unattended gas-tu 
generating stations was taken into consideration 
modifications and additions required for an’ unatte 
gas-fired station are minor, but an unattended oll 
station presents some additional complications 


TABLE I 
ESTIMATED COSTS FOR COMPLETE GENERATING STATIO. 


Approx. Heat Rate on Oi 
Kw 


iM Cycl 
Rating phone Cee Paes, eet An < 
3500 Simple 22,900 
3500 Regenerative 15,500 
5000 Compound 12,950 


a fuel handling, heating, and centrifuging equip- 
jequired for Bunker C oil. 

iis-fired gas-turbine generating unit has now been 
uitically continuous operation for about 20 months 
ipnly negligible maintenance expense. This ex- 
tke indicates that maintenance on gas-turbine 
| when operating on this fuel, will be considerably 
yan on comparable sizes of either diesel or steam- 
te power plants. Operating experience in central 
ils using Bunker C oil is limited but it is indicated 
| hen operating on this type of fuel, gas-turbine 
nance will not exceed that for other types of 
jiting units. 


risons of Various Types of Gas Turbines 

re any general comparisons are made between 
bine generating units and other types of gen- 
, the general field of application for each of the 
ypes of gas turbines described will be considered. 
be assumed that maintenance and operating 
ost for each type of unit will be the same; thus 
joice of the type of gas turbine used will depend 
installed cost per kilowatt, the cost of fuel, the 
fed load factor, and possibly on the availability 
Hing water. 

ming fixed charges at 12 percent per year on the 
d cost and a load factor of 100 percent, if the 


A 5000-kw compound-cycle gas-turbine power plant 


cost of fuel is above about 11 cents per million Btu, 
it will be more economical to use the high-efficiency 
compound-cycle gas-turbine unit. If the cost of fuel is 
below this point, the choice would be between the re- 
generative and simple-cycle units. If the gas-turbine 
units are intended for peaking plants, the dividing 
point on fuel will be much higher and it may be eco- 
nomical to use a simple-cycle unit as a peaking plant, 
even in areas where fuel costs are high. 


Comparisons Between Gas-turbine and Diesel Stations 

In making any general comparisons between gas- 
turbine and diesel-electric generating stations there are 
several characteristics of the two types of units that 
must be considered: 


(1). The over-all heat rate of most diesel engines 
is somewhat better than that of the compound- 
cycle gas turbine. An average figure for diesel en- 
gines is approximately 11,000 to 11,500 Btu per 
kilowatt-hour as compared to slightly less than 13,000 
Btu per kilowatt-hour for the gas turbine 


(2). Many operators of diesel generating sta- 
tions operate their diesel engine below nameplate 
rating at all times to minimize maintenance ex- 
penses. The amount of derating varies widely but 
sometimes is down to 80 percent of nameplate rat- 
ing. As contrasted with this, the compound-cycle 
gas turbine can deliver its full nameplate rating at 
all ambient air temperatures up to 110 F and can 
deliver up to 25 percent in excess of nameplate 
rating at low air temperatures. This extra capa- 
bility is not firm capacity but is an extra dividend 
that can be realized in most parts of the country 
during a large part of the year. Whether full ad- 
vantage can be taken of this extra capability de- 
pends upon the nature of the power-system load 
and whether the system peak occurs during the winter 
or the summer 

(3). The installed cost of a diesel generating 
plant may be slightly less than that of a compound- 
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cycle gas-turbine plant, if based on the nameplate 
ratings of the machines. If based on the actual 
operating capabilities of the two units, the installed 
cost of the gas-turbine station should be less 

(4). The cooling-water requirement of a diesel 
generating station is about 25 to 50 percent more 
than that of a compound-cycle gas-turbine station 

(5). Gas turbines have a negligible lubricating- 
oil cost, whereas diesel-engine lubricating-oil cost 
may be as much as 0.35 mils per kw-hr 

(6). Gas turbines can operate successfully on 
either natural gas or Bunker C oil. Dual-fuel en- 
gines can operate on natural gas as their primary 
fuel but require that about 5 percent of relatively 
expensive oil be burned with the natural gas. This 
results in an average fuel cost above that of the gas- 
burning gas turbine and may compensate for the 
difference in efficiency between the units. In the 
past, diesel engines have usually been operated on 
diesel oil, which is considerably more expensive than 
Bunker C oil. Recently, large low-speed diesel en- 
gines have been developed to operate on Bunker C 
oil but these engines apparently have somewhat 
higher maintenance costs 

(7). Because of the simplicity of the gas turbine, 
it is expected that maintenance costs will be lower 
than for reciprocating-type engines. ? 


With these factors taken into consideration, for most 
parts of the country, the compound-cycle gas turbine 
has a slight advantage over the diesel engine on the 
basis of total yearly costs including fixed charges. As 
explained previously, where fuel is cheap, or in peaking 
plants, the simple-cycle gas turbine would be more 
economical than the compound-cycle unit and in such 
applications would show a substantial saving over the 
diesel generating station. 


Comparisons Between Gas-turbine and Steam-electric 
Stations 


The compound-cycle gas-turbine generating station 
is lower in installed cost and higher in efficiency than 
a comparable-size steam-electric generating station. 
Thus the gas turbine will be more economical if the 
same fuel is used in both types of generating stations. 
In areas where coal is considerably cheaper than either 

‘Bunker C oil or natural gas, the steam station will 
obviously have an advantage over the gas-turbine 
station. 

As steam-station size increases, the savings resulting 
from the use of larger units and the gain in efficiency 

from using higher steam temperatures and pressures 
make the steam-electric generating station more eco- 
nomical than a multiple-unit gas-turbine station. 


Conclusions 

Consideration of the position of the gas turbine 
relative to other types of power generation, as briefly 
outlined here, leads to the following general conclusions 
as to the most probable applications of gas turbines 
for power generation: 
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(1). As base load units on small- and m 
size power systems where relatively small 
ments of generating capacity can profitably be 

(2). As peaking plants on small- and n 
size power systems. In such cases, efficiency i 
of secondary importance and the less ex 
simple-cycle gas-turbine generating unit may” 
cheapest type of peaking capacity that can be 
Ease of starting and stopping the gas turbine 
it particularly suitable for this application 

(3). As end-of-line generating plants on sor 
tems. This application is contrary to the tr 
power generation over many years which ] 
sulted in systems with a few large generating sI 
near the main load centers and transmiss 
power to outlying areas. Although the advent 
gas turbine does not radically change this g 
picture, the simplicity of a gas-turbine gene 
station, its comparatively low first cost, ar 
possibility of building unattended remotely op 
stations may make end-of-line plants econon 
feasible in some locations 

(4). In some special cases where the relé 
large amount of heat available in the exhaust 
from a simple-cycle gas turbine can be used 
vantage in the heat cycle of an adjacent stear 
tric generating station. This exhaust heat ca 
used either for feedwater heating or for prod 
of low-pressure steam) 

(5): As mobile emergency power plants. Th 
ple-cycle gas turbine can be mounted, together ¥ 
necessary control, switchgear, step-up transfc 
and auxiliary starting equipment, on either ¢ 
two railway cars. Such mobile generating unit 
provide a utility a means of rapidly restoring 
in an area devastated by a storm or other caus 
for service during planned outage of a sectio 
system for maintenance. } 


The gas turbine as a prime mover for power ¢ 
tion is so new that within the next few years mam 
developments can reasonably be expected. Amon 
most probable of these which will greatly in 
the field of application of gas-turbine generating 
are the development of larger units, the develog 
of unattended remotely operated stations, ant 
development of dual-fuel operation, or possib 
coal-fired gas-turbine unit. 
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PNTLY there has: been a vast interest shown 
Nmicrowave as a form of communication for the 
utilities. This interest arises from the avail- 


rly evaluated so that it may find its place in the 
ication plans of the utilities. The microwave 
communication, in comparison with wire lines, 
yny of the attractive features that has made 
so valuable. 


ency bands in the range between 950 mc and 
¢ are among the space radio-frequency bands 
Ml by the Federal Communication Commission 
ity-company use. These frequencies are among 
llled microwave and require a line of sight from 
enna to the other with approximately a 50-ft 
Ice above intervening objects. One of the attrac- 
a microwave channel is the bandwidth that is 
lle. This wide bandwidth permits the simulta- 
ransmission of several voice and control channels. 
ration of the various voice and control channels 
eved by using “multiplexing equipment.’’ The 
sic methods of multiplexing are frequency divi- 
id time division. Frequency-division multiplex- 
ides the available bandwidth by using modulated 
ors and filters at different frequencies. Time- 
n multiplexing consists of successively sampling 
als of several input channels at a high repetition 
nd successively sending these samples over the 
ave, utilizing full output for each sample. 


ave Equipment 

ough many different types of microwave equip- 
re available, a short description of a few types is 
ate to demonstrate what can be done with micro- 
type is a 960-mc equipment that provides an 
nical solution to a one- or two-voice channel 
1. Multiplexing can be added for control functions, 
s telemetering, load control, supervisory control, 
ne-protective relaying, in addition to the two 
channels. (A voice channel is capable of trans- 


ted as a paper at the Midwest Power Conference, Chicago, Illinois, 
1951, sponsored by the Illinois Institute of Technology.—EDITor. 
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arious factors that influence the choices of microwave and 
arrier channels for power-system operation and dispatching. 
everal representative examples as aids to proper application 
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mitting the audio frequencies of 300-3000 cycles. 
Usually, a control channel has a narrower bandwidth 
than a voice channel. The bandwidth of a control 
channel is dictated by the keying-speed requirement of 
the particular control function.) 

Another type of 960-mc equipment can provide up 
to seven voice channels by utilizing frequency-division 
multiplexing of the single-sideband type. Any of the 
voice channels can be broken up into several control 
channels by using audio-tone equipment. 

A 24-voice-channel system utilizing time-division 
multiplexing is available in the 2000-mc band. Any one 
of these voice channels can likewise be broken up into 
control channels by using suitable audio-tone equip- 
ment. This type of equipment is particularly suited for 
high-channel-capacity systems; and, because of the low 
distortion, it is well suited for long-distance channels 
where many repeats are needed. In keeping with the 
high channel capacity, this equipment is arranged for 
the use of standby radio-frequency transmitters and re- 
ceivers, with automatic switching and automatic indi- 
cation of repeater-point failure. 

When parabolic antennas of sufficient front-to-back 
ratio are used, two transmitters can be operated on the 
same frequency; thus one spare transmitter can be used 
as a standby for the two active transmitters. Similarly, 
one spare receiver can be used as a standby for the two 
active receivers. 

The equipment just described, and other similar 
microwave equipment which is available, appears 
capable of meeting practically all power-system require- 
ments. 


Carrier-current Equipment 

Carrier-current equipment is so widely used and well 
known that no extensive comments are needed here. 
Because carrier is confined to the high-voltage trans- 
mission lines, application problems are largely those of 
coupling, trapping, and the attenuation of the trans- 
mission lines. In general, carrier provides all types of 
operating and dispatching communication, and usually 
the individual services operate independently of each 
other. 


Over-all Channel Objectives 


The objectives of a utility’s dispatching and operating 
communication are these: To achieve reliable telephone 
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service for its dispatching; dependable supervisory con- 
trol over its unattended substation; accurate and de- 
pendable telemetering and load control of the power 
flow over its tie lines; and the high-speed selective re- 
laying obtainable by using a pilot form of relaying. The 
reliability of these services is of great importance; and 
they should be operable under all weather conditions. 
Terminal equipment and power supplies for the equip- 
ment should be immune to failure, and maintenance 
requirements should be such as to require only short 
outage time on a planned basis. 

The objectives just listed are of paramount impor- 
tance in setting up the communication channels; but, 
of course, these objectives can only be realized to a 
degree that is consistent with good engineering eco- 
nomics. 

A review of the relative merits of microwave and 
carrier will be an aid to proper evaluation. 


Microwave Advantages 
Inherently, microwave has many characteristics 
that make it attractive for utility use. 


(1). It can provide a large number of channels be- 
tween two points 

(2). It is generally considered to be free from man- 
made static or atmospheric disturbances, although 
the higher frequencies are attenuated by rain or fog 
(3). It can be directed into narrow beams by suitable 
antennas, thereby reducing the possibility of inter- 
ference between other nearby microwave and high- 
frequency channels. This fact, plus the line-of-sight 
characteristic, will permit the frequent repeating of 
frequencies providing a large number of channels 
(4). Microwave is physically separated from the 
power-transmission circuit. 


’ Microwave Disadvantages 

(1). To put a large number of channels on one micro- 
wave link is a disadvantage, for then, if the micro- 
wave channel becomes inoperative, all of these chan- 
nels are out of service. However, the use of standby 
equipment, automatically switched in event of failure, 
serves to alleviate this disadvantage 

(2). Repeater stations are usually necessary for the 
longer channels, because the usual microwave link is 
limited to 20-50 miles. These repeater stations rep- 
resent a hazard to reliability because of the greater 
number of units required. Also, they increase the 
outage time for planned maintenance, because there 
are more units to service at remote locations 

(3). The power supply and the emergency power 
supply for microwave is a problem which has not 
always been given the full consideration it deserves. 
At present, all microwave equipment operates from 
an a-c source. For voice and telemetering, this is 
perhaps acceptable; but, when a large number of 
channels are tied up in a microwave channel, it makes 
good sense to provide a standby power supply. For 
protective relaying, or other important services that 
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cannot tolerate a momentary outage, operatio 
-system a-c source is not acceptable, and 7 
supply—such as a rotating machine operatin, 
the station battery—must be provided 
At repeat points, it may be necessary to obté 
normal power supply from sources that can: 
depended upon. It is here that the standby 
supply becomes more of a problem. The st 
equipment should be infallible because at th 
time it is called upon for service, the channel : 
ally most urgently needed : 
(4). Maintenance costs of a microwave chang 
rather difficult to predict because there has 
little actual operating experience by utilities 
complex circuitry and the number of tubes iny 
however, are some indication of the amount of 
able maintenance required. Tube replacement 
may be a costly item, even though it can be di 
a scheduled basis so that time and transpor 
are kept to a reasonable amount. 


Carrier Advantages 
(1). Carrier for relaying, supervisory control 
telemetering is available for operation direct 
the station battery ; 
(2). Carrier channels are distinct and separate s 
maintenance or inoperation usually involves) 
one channel. The outage of one channel at a tin 
be tolerated on most utility systems 
(3). A carrier channel usually does not invo 
peaters, all equipment being installed in or at] 
plants or substations. 


Carrier Disadvantages 
(1). In some areas, carrier has already been | 
tensively applied that users fear congestion diffi¢ 
in adding further channels 
(2). The formation of sleet on a power-transm 
line increases the carrier-frequency attenu 
thereby reducing the signal-to-noise ratio. Hoy 
modern application practice takes this element 
consideration and minimizes the disadvantage 
(3). The application of carrier to transmission 
with a cable section is sometimes difficult beca 
the high attenuation encountered in the cable 
the reflection loss due to the impedance mismat 
the junction of the cable and line 
(4). Changes in the configuration of the transrr 
system may require changes in the carrier-cu 
channels. 


Economic Factors 

Because microwave and carrier are both capak 
supplying the channels for the operating and disp: 
ing communication needs of an electric utility comp 
the choice is largely determined by economics 
reliability. In many cases, the reliability require 
will become the predominant factor. 

The relative newness of the microwave fort 
communication, and the unknown variables—su 
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Fig. 1. Multichannel installation 
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if obsolescence, maintenance expense, etc.—make 
bnomic comparison difficult. However, a few gen- 
omments can be made that will usually apply. 
rowave requires a certain amount of equipment 
e channel itself, without regard to the multi- 
g equipment. For instance, the channel equipment 
y consists of transmitters and receivers, towers 
jower sites, antennas, and power supplies. The 
ent in the foregoing list is necessary whether 
is one, or several, voice and control channels. The 
lion of control or voice channels to the base chan- 


milar to the costs in supplying electric power to a 
in a residential section of a city. The largest cost 
h the distribution transformer, the poles, the line, 
the installation of this equipment, whereas the 
| onal cost of adding to a new house is merely the 
f the service drop. 

srowave costs generally are dependent upon the 
of the channel. The line-of-sight propagation 
ily limits the distance between antennas to 20-50 
| depending on the topography of the land. Thus, 
annels too long for one hop, or where the direct 
f-sight path is obstructed, a repeater station is 
sary. One repeater station multiplies the base 
nel equipment by two, except that only one tower 
essary. As pointed out earlier, a repeater station 
ly requires an emergency power supply and, of 
e, an enclosure for the equipment. 
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The equipment needed for a carrier channel is a 
relatively constant amount per channel, and additional 
channels usually cannot be added without adding cou- 
pling, tuning, and possible trapping equipment. One 
exception to this is the narrow-band crystal-controlled 
equipment for supervisory control, load control, and 
telemetering which, in effect, uses one carrier channel 
for several of these narrow-band channels. 

Another fact that is generally true: the cost of a car- 
rier channel does not increase with distance; that is, 
repeaters are seldom necessary. The costs of a carrier 
channel are directly affected by the voltage of the trans- 


mission line and the number of line traps and bypasses 
that are necessary. 
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Application Examples 

These general statements lead to the conclusion that 
microwave tends to be suitable for a large number of 
channels between terminal points; in other words, 
multichannel installations. An illustration will help to 
make this clear. Fic. 1 represents a hypothetical case 
with a dispatcher at A and a substation at C. It is de- 
sired to have the following communication channels be- 
tween A and C: dispatcher’s phone, relaying, telem- 
etering, supervisory control, five voice channels, a 
channel for VHF mobile radio with an intermediate 
VHF station. Obviously, this would be technically 
difficult, if not impossible, by carrier, and it certainly 
would not be economical. Microwave, however, could 
provide such a channel, and it would probably prove 
to be the economic solution. 

It is concluded that carrier also tends to be more 
suitable for party-line channels to scattered points. As 
an example, assume a system (Fic. 2), with a central 
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Fig. 2. Channels to scattered points 
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dispatching point at A and outlying substations or 
generating plants at B, C, D, E; it is desired to have 
telemetering, relaying, and a party-line voice channel 
to the outlying plants as a maximum. In this example, 
microwave would require a transmitter and receiver 
and other associated equipment at each of the outlying 
stations; at least a receiver and possibly a transmitter 
at A for each channel to the outlying stations. In this 
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Fig. 3. Inaccessible repeater location 


application, carrier would require a minimum amount 
of equipment, and it would probably be more economi- 
cal: 

The fact that a repeat point is necessary may be- 
come the deciding factor. For example, in Fic. 3, A is 
the dispatching point, B and C are small unattended 
stations. Supervisory control, load control, and telem- 
etering are desired between the outlying stations and 
A, plus pilot relaying. Carrier channels to these loca- 
tions involved séveral bypasses around circuit breakers 
and the trapping of a tapped line, whereas a microwave 
channel could get to these stations by using only one 
repeater. This application appeared to be an excellent 
one for microwave, economically and _ technically, 
especially since the transmission line did not present a 
clean carrier circuit. However, the only location that 
would have a line of sight to both unattended stations 
and to A was at D, a remote location on top of a moun- 
tain. A location such as this involved the expense of 
building roads and power lines and of providing an 
emergency power supply. Hence, carrier was selected, 
and the microwave application was discarded because 
of the additional costs and hazards that the repeater 
station introduced. 

Another application example is the retransmission 
of channels from the transmission system into a remote 
dispatcher’s office. Fic. 4 illustrates this application. 


The dispatcher’s office is located in a downtown city ° 


area and is not near the transmission lines. Carrier- 
current channels on the transmission lines carrying 
telephone, supervisory control, telemetering, and load 
control are connected to a microwave channel and trans- 
mitted to the dispatcher’s office. 
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Ordinarily, line-protective pilot relaying is a ¢ 
channel application because of the power-supply 
lem, and also because the microwave terminals u 
do not coincide with the transmission-line term 

These application examples show that not o 
there a definite place for microwave and a dé 
place for carrier but also that they can suppk 
each other. Nearly all applications will have to | 
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Fig..4. Retransmission to remote location 


dividually examined to find the correct answer. | 
the microwave “unknowns” can be judged by at 
operating experience, it seems to make good se 
use microwave only where it has a large economi 
other advantage. 


DVERNMENT regulations require radio broad- 
| cast stations to supervise closely and continuously 
jechnical characteristics of their radiated waves. 
urements of such characteristics are provided by 
iments known to the radio industry as “‘monitors,”’ 
furnish precise indications of important charac- 
fics of the station’s output. 


e General Electric Company pioneered in the field 
onitoring equipment for frequency-modulation 
) broadcast stations not only by furnishing the 
ommercial instrument which measured frequency 
he actual program modulation, but also by includ- 
in this same instrument all of the monitoring func- 
i required by the station. At the time the General 
tric FM Broadcast Station Monitor™ was intro- 
| , it was current practice to provide separate 
toring instruments for each of these different 
Rcteristics of the radiated wave. 

is new philosophy of combining several monitoring 
ions in a single, multipurpose instrument was car- 
over into the field of amplitude-modulation (AM) 
Hcast stations by the introduction of a new AM 
Heast-station monitor. This article describes the 
rements for the new monitor and presents in 
the principles of its operation and the design of 
rcuits. 


;ophy of Broadcasting Regulations 

e characteristics of the radiated wave from broad- 
stations in the United States are specified by the 
‘of the Federal Communications Commission to a 
se that is not generally appreciated. In the case of 
ation broadcasting amplitude-modulated waves, 
assigned frequency will fall between 550 and 1600 
nd must be maintained within +20 cycles per 
1d. The output power from the transmitter must 
ontinuously monitored during modulation and a 
inuous indication of the percentage of modulation 
le carrier wave provided; an indicator is also re- 
<d which shows when modulation peaks exceed 
in predetermined values within specified ranges. 
ddition, other characteristics of the transmission 
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4 F ‘requeficy-modulation Station Monitor,” by H. R. Summerhayes, 
oc. I. amb 30, Sept. 1942, pp. 399-404. 
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UPERVISORY INSTRUMENT FOR 
\NDARD BROADCAST STATIONS 


Applying FM monitoring philosophy in the field 
| of AM broadcasting has resulted in development 
of a multipurpose equipment making it possible 
to meet stringent performance specifications 
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such as noise, over-all distortion, and frequency charac- 
teristic, are closely specified and proof must be sub- 
mitted that such characteristics are obtained before 
continuous operation of the station is permitted. 

Most of the characteristics of the monitoring equip- 
ment are also subject to rules, and lists of devices ap- 
proved by the Federal Communications Commission ~ 
after tests are obtainable from the Commission. Many 
of the performance features must be held within limits 
which are not customary in other fields of engineering. 


Design Objectives 

The natural desire to make a contribution to the art 
led to even more stringent performance specifications 
for the new AM Broadcast Station Monitor. As a 
consequence, new principles were employed which have 
proved to be most useful. 

The monitor was designed to operate over a wide 
range (7 to 14 volts rms) of input signals from the 
transmitter without loss of accuracy. An RF voltmeter 
was connected across the RF input terminals to moni- 
tor the output level of the transmitter. It was cali- 
brated in percent transmitter output. 

In order to operate from the modulated output wave 
of the. station without fluctuation of the frequency- 
deviation indicator during modulation, and also to 
provide a detector circuit which permits the over-all 
audio-frequency distortion to be less than 14 percent 
at 100 percent station carrier modulation, a synchro- 
nous local carrier was generated and added in phase with 
the station carrier within the monitor. This reduced 
the effective modulation to about 7 percent. Only a few 
degrees of phase shift between the locally generated 
carrier in the monitor and that from the transmitter 
would result in unsymmetrical modulation. This would 
ordinarily produce a severe increase in distortion of the 
recovered audio-frequency wave; hence a highly special 
and stable synchronizing, or “lock-in,” circuit was re- 
quired. 


Deviation of Carrier Signal 


By providing a local carrier signal exactly in phase 
with that of the transmitter, it is then possible to deter- 
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mine the deviation of transmitter carrier frequency by 
measuring the frequency deviation of the local carrier 
alone. By this means one may be entirely free of the 
fear of indicator fluctuation due to modulation prod- 
ucts. Because indication of frequency deviations of 
one cycle per second at any assigned frequency from 
550 to 1600 ke was a requirement, a temperature- 
controlled crystal frequency discriminator was felt to 
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Fig. 1. Block diagram of the AM Broadcast Station Monitor 


be desirable, avoiding completely the less satisfactory 
heterodyne method. Effects of any reasonable ampli- 
tude variation are negligible in this monitor. The block 
diagram of the monitor is shown in Fie. 1. 

It was required to provide indications of the trans- 
mitter frequency departures up to +50 cycles per 
second from the assigned carrier frequency. In the 
monitor, the scale was calibrated to +30 cycles per 
second deviation. It was also desirable to provide an 
audible warning if the transmitter frequency exceeded 
this range. Therefore, the lock-in circuit was designed to 
function over only about 100-cycles-per-second range 
of deviation from the assigned frequency. 

Within the synchronizing range (+130 cycles per 
second at 1 megacycle), indications of transmitter fre- 
quency deviations are observable on the frequency- 
deviation meter. The synchronizing, or lock-in, circuit 
is so designed that, if this range is exceeded, it loses 
control of the local oscillator before the linear range of 
the frequency discriminator has been exceeded, and a 
nonsynchronous carrier signal is thereby introduced 
into the modulation detector of the monitor. This im- 
mediately results in (1) a loud and exceedingly un- 
pleasant distortion from the external audio-fidelity 
monitoring loudspeaker, which is always connected to 
the monitor; (2) a large increase in indicated percentage 
modulation on that meter; and (3) the operation of the 
over-modulation limit flasher, whose relay sets off an 
alarm. This feature is a new and exceedingly valuable 
asset to the station, and it prevents any possibility of 
false ‘ton frequency” indications such as has been the 
case with many previous frequency-deviation monitors 
when excessive frequency drift exists in the trans- 
mitter. 
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Modulation-detector Circuit ’ 

The modulation-detector circuit, as will be seen 
the block diagram of Fic. 1, actually operates 
signal of low percentage modulation regardless ¢ 
percentage modulation of the transmitter. This 
feature is due to the addition of the local carrier § 
to the transmitter signal and permits heretofore 4 
tainable low levels of audio-frequency distortioy 
both the measurement and listening circuits of 
monitor. 

The audio-frequency signals from this detecto 
rectified in a vacuum-tube voltmeter circuit ¥ 
measures their level. This provides a simple, yet 
able means of meter indication of the perce 
modulation of the transmitter itself, since all g 
levels involved are automatically controlled. By m 
of a phase inverter and a polarity-reversing sw 
either positive or negative modulation may be meas 
to further examine transmitter performance. 

Operating from the measuring circuit of the per 
age-modulation indicating circuit is a thyratron ; 
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Fig. 2. Block diagram of the local-oscillator synchronizing uni 


which can be set to cause a panel lamp to flash aj 
relay to actuate an alarm for any peak modulatio 
ceeding a predetermined value within the range f 
50 to 120 percent modulation. 

From the audio-frequency amplifier of the detet 
two output circuits are provided. One is a low 
pedance (150/600 ohm) audio output for an 
(loudspeaker) fidelity monitor; the other is a 
impedance (50,000 ohm) circuit provided for meas 
ment purposes. The over-all distortion of the a 
fidelity circuit is less than 4 percent, while that o 
measurement circuit is less than 14 percent. Each 
exceptionally flat frequency-response characteris 
indeed, beyond the actual needs of the station. 
noise level in each of these circuits is less than 
which would correspond to 75 db below the 100-per 
modulation signal level. 

These features were incorporated to aid in the 
of Performance Tests of the station, which are requ 
by the Federal Communications Commission. 
The Frequency Monitor Circuit 

As can be seen from the block diagram of Fie. 1, 
monitor has been designed, not as an assemblage of 
individual monitors in one box, but rather as a 
operative whole. Since several of the techniques ¥ 


ly new, it will be of interest to examine in greater 
pow they function. The first important item is 
PP sccillator synchronizing, or lock-in, circuit. A 
Hiagram of this circuit is shown in Fic. 2. 


hugh the local-oscillator frequency is crystal- 
lled, small frequency changes of approximately 
ycles per second can be effected by change of 
nce across the controlling crystal. For this 
Pp, a reactance tube has been made to operate 
iable inductance, varying its reactance in accord 
d-c grid bias. An inductive reactance tube was 
d because, with the inevitable “‘stand-by”’ cir- 
pacitances, that added by a capacitive react- 
be would not have been sufficient for the desired 
nge of linear control of frequency. 


| 
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der to synchronize the local oscillator with the 
jitter carrier in both frequency and phase, a 
sensitive circuit was necessary. Basically the 
shown in Fic. 3 is the portion of the circuit 
ed for this purpose. 

ill be seen that if the local-oscillator voltage e 
transmitter voltage é¢. are two alternating volt- 
ving the same frequency but not in phase at 
yment, then, because of diode D, only, the capaci- 
has a d-c charge which is proportional to the 
sum of the two alternating voltages in question. 
ective voltage (e1:+¢) operating on diode D, is 
in Fic. 4, and the d-c voltage across the capacitor 
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3 REACTANGE TUBE 


Fig. 3. Basic elements of the synchronizing unit 


a value approximately equal to the peak value 
alternating composite voltage. 

the polarity of the rectifier diode D; as shown, 
eans that point A in Fic. 3 will have a negative 
‘tential with respect to the ground bus. This 
diode D2 negatively through resistor 71, and unless 
voltages were superimposed upon it, this diode 
remain nonconductive. However, the total po- 
at point A with respect to ground is seen to be 
the d-c charge on capacitor C, plus the alternat- 
ltage e, from the local oscillator. The amplitude 
about six times that of the transmitter signal é. 
acitor C2 will ultimately have a voltage E; with 
; to ground which is the sum of the negative d-c 


951 
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voltage e3 received from capacitor C; and that received 
from rectification of the voltage e, from the local oscilla- 
tor. If the discharge of capacitor C, is relatively slow 
with respect to the radio-frequency cycles and if ¢ is 
much larger than és, then the voltage received by recti- 
fication of e alone will be proportional to its peak 
value and approximately equal to that received from 
capacitor C;. This is shown in Fic. 5. 

It is now apparent that the control of the d-c voltage 
£3 across C2 is dependent upon the phase 0 of the voltage 
é, from the local oscillator with respect to the voltage e» 
from the transmitter. If this phase angle 6 happens to 


Fig. 4. Vector relationships for diode D; 
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C2 SUPPLIED FROME, 
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Fig. 5. Voltage relationships in the synchronizing circuit 


be approximately 90 degrees, the magnitude of the 
vector sum of e; and é is approximately equal to the 
magnitude of the vector e:, and a small change in phase 
affects the magnitude of the vector (e1+¢2) by a greater 
amount than is the case for any other phase relation- 
ship. Obviously a phase angle @ exists where this equal- 
ity can be exact. Thus, the control voltage £3; obtained 
from the so-called peak rectifier system is nearly zero 
at this value of phase shift. This d-c voltage EF; ulti- 
mately applies a control bias to the reactance tube con- 
trolling the frequency of the local oscillator. 

If the frequency of the local oscillator is now ad- 
justed to be that of the transmitter frequency when the 
d-c bias of its reactance control tube is adjusted to 
correspond to this voltage E; (nearly zero), the system 
will not only be most sensitive to any phase-shift 
change between the local oscillator and the transmitter 
but will also always prefer to return to the particular 
phase which has been assumed. 

There need be no fear that the system will be unde- 
cided whether to lock-in at the —90-deg point; the d-c 
control voltage E; will change in a manner that further 
increases any rate of change of phase shift (that is, 
frequency) between the local oscillator and the trans- 
mitter. Thus, ultimately the two will reach an instant 
of zero beat frequency relationship, at which time the 
lock-in circuit would force the two to remain in syn- 
chronism. This beat action is at most only a very low_ 
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frequency condition, since the two frequencies are never 
as much as 50 cycles per second apart even when the 
monitor has just been turned on. The synchronizing 
system diagram is shown in FIG. 6. 


Voltage Regulation 

It only remains to establish a means for keeping the 
amplitude of the local-oscillator voltage fixed. By 
means of a voltage-regulator tube (VR105) in ‘series 


with the cathode of the reactance tube, the cathode of 
the RF amplitude-control tube is held at fixed positive 
voltage with respect to ground. The grid electrode of 
this control tube is connected to the local-oscillator 
output voltage and, if the peak value of this RF voltage 
exceeds the bias established by the regulator tube, 
plate current will flow during the positive peaks of the 
RF voltage. Since the plate electrode is connected to the 
screen electrode of the local-oscillator tube, this in- 
creases the direct current flowing through a series 
resistor which also supplies the screen potential to the 
local-oscillator tube and it will be evident that the 
plate potential of the control tube is therefore governed 
by the RF plate potential of the local-oscillator tube 
and causes this potential to drop. Hence the reduced 
d-c plate potential on the control tube in turn reduces 
the RF output to the proper controlled level by 
changes in d-c screen potential of the local-oscillator 
tube. 


If the transmitter frequency drifts so far that the 
plate current of the reactance tube either. is reduced 
to zero or reaches saturation, then control of the local 
oscillator is purposely lost and it becomes nonsynchro- 
nous with the transmitter. An unpleasant beat note 
will appear immediately in the garbled loudspeaker 
signal. The beat frequency of this tone is an indication 
of the amount that the transmitter frequency has de- 
parted from its assigned value. Other effects will occur, 
which will be mentioned later. 


In order that modulation products arising from 
normal low audio frequencies be prevented from dis- 


& , iia 


turbing the described synchronizing action, th 
quency characteristic of the circuit has been ¢ 
below the desired lower limit of the speech an¢ 


frequency Tange. 


Frequency-deviation Measuring Circuit 


With a local oscillator that is forced to have the 
frequency and phase as the transmitter carriet 
ponent as long as the latter does not deviate mor 


+130 cycles per second, approximately, from 

signed value, the desirability of applying the freq 
deviation measuring circuit to the local-oscillator 
becomes self-evident. Because the local oscilla 
unmodulated there is no need to fear meter flucti 
due to the modulation process. A further advant 
such a system is that it avoids the heterodyne m 
which also requires a local oscillator but one 

frequency must now stay constant at some d 
value different from the transmitter carrier freq 
by the chosen intermediate frequency. It has be 
herently more difficult to maintain the freque 

such a generator source at the required fixed diff 
than to maintain the frequency stability of a f 
network which is employed only to measure freqt 
The heterodyne method, moreover, involves the 

sity of avoiding the previously mentioned flucti 
indication caused by the lower audio frequency 1 
lation products. Furthermore, the intermediat 
quency and the nonsynchronous-oscillator sign 
the heterodyne method are additional hazards 
striving for such low-level noise measuring cit 
Inductive interference from these causes contri 
to the total noise. 


The stable qualities of the quartz crystal as Wi 
its narrow frequency pass band made it attract 
a passive frequency discriminator in the bro 
frequency range. The required frequency stabilit 
one or two parts per million. The effective-impe 
diagram of a quartz crystal has two resonance pi 
as shown in FiG. 7a, which corresponds to an equi\ 
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such as that shown in Fic. 7b. It will be evident 
decrease of capacitance C’,, will increase resonant 
wpncy f, without significantly affecting resonant 
cy fr, while a decrease of capacitance C, will 


se both f, and f, ages equally. These facts 
He useful later. 


it Derivation 

#the narrower linear region between the two 
dant frequencies f, and f, is to be used as a fre- 
y discriminator, some modifications of the basic 
i circuit are needed. First, it is not desirable to 
quired to grind each quartz crystal to the exact 
ocy of the station assignment. In fact, it is desir- 
ito shift the discriminator frequency characteristic 
It without change of slope over a narrow operating 
| 
| 


ency range, and to accomplish this by means of a 
® variable element. Secondly, it is desirable to be 
to control independently the slope of the discrim- 
it characteristic by means of a single control. 

bm what has been said about the effects of capaci- 
ss C, and Cy, it will be evident that a circuit such 
at shown in FIG. 7c will accomplish these two ob- 
es by the variation of the capacitances C, and C’, 
hd to correspond to their equivalents in Fic. 7b. 
ifurther apparent that if the capacitance C, inher- 
across the crystal terminals in its equivalent 
am (Fic. 7b) could be eliminated by some such 
s as making its reactance infinite, then controllable 
ients—that is, C,andC ‘p—could be added externally 
e crystal to effect the desired independent control 
dns, and an exact equivalent of the circuit of Fic. 7b 
1 be produced in actual practice, as indicated in 
Thor 

it is assumed that the frequency changes desired 
small, the magnitude of the effective impedance 
e resonant frequencies will change by a negligible 
nt due to any change in the variable elements 
i os To shift the discriminator frequency charac- 
tic along the frequency axis without change of 
e in the middle of the range between f, and /f;, 
wo resonance frequencies must be varied, without 
appreciable change of the frequency separation 
een them. To change the operating slope of the 
iminator, the frequency separation between these 
frequencies must be changed. 

or the circuit in Fic. 7c: 


l 2 | nie ee 
2m q/Lx Cx Cs 27-7) Ly Cx 4] Gs 
; Cx +Cs Cx+Cs 


1 terms of f, for the circuit in Fic. 7b: 
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Therefore the frequency separation of the two reso- 
nance points, which determines the slope for the circuit 
in Fic. 7c, can be chosen by adjustment of a single 
control C’ » Without change of the normal operating 
frequency of the discriminator, as suggested in the 
following equation: 


fof == [(H)(E)| 


Moreover, the operating frequency of the discrimina- 
tor characteristic can be shifted without change of 
slope—that is, without change of f,—f,, which de- 


3 > nee 7. Looe i 
a By and of aien 


Cer ane on variable C',—by showing that one of the 
resonance points can be changed from f,, to f,, by 


adjusting one of the other variable components, = 
s 


(F651) = [(EA)(E-4)| 


The circuit in Fic. 7c ignores the existence of the 
capacitance C, of the crystal. If an actual crystal is to 
function as indicated by the foregoing analysis, which 
is valid only for the circuit in Fic. 7c, it will be neces- 
sary to make the effective impedance of the capacitance 
C, infinite in the frequency range of interest. This can 
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be accomplished if an external inductance of such a 
value that it will resonate with the inherent capaci- 
tance C, is connected across the crystal, provided the 
resonant impedance of C, and the inductance is large 
enough. 


Production Adjustments 

In manufacture, variable components are desirable 
to simplify production adjustments. A variable induc- 
tance, however, presents more of a production problem 
than a variable capacitance, and is certainly less desir- 
able than a fixed inductance. The desired effect is ob- 


- tained if an additional small variable capacitance is 


connected across the crystal to allow the necessary 
range of choice of the capacitance necessary to resonate 
a chosen value of fixed inductance that is also connected 
across the crystal. 

Experience showed that the discriminator frequency 
characteristic was not sufficiently linear about its 
operating frequency without additional circuit damping 
to provide a uniform scale marking on the frequency- 
deviation meter. It was found that a resistance rp could 
be connected across the resultant circuit to obtain the 


desired linearity. The value of this resistor is roughly. 


of the same order of magnitude as the reactance of 
C,, but its value was found not constant throughout 
the entire broadcast band. 

The final circuit was that of Fic. 7d, where the 
crystal used was the highly stable crystal Thermocell.* 
Tests have shown that the final circuit obeyed the cal- 
culations within exceptionally low tolerances, and that 
it was exceedingly stable over long periods of time and a 
reasonably wide temperature range. It surpasses by a 
substantial margin the FCC requirements for frequency 
stability of +5 parts per million. 

If the operating frequency is chosen in the center of 
the linear range, a rectifying voltmeter connected 
across the discriminator will measure the resultant RF 
signal amplitude and, hence, provide a linear indica- 
tion of any deviation of the transmitter from the normal 
operating frequency of the crystal discriminator. The 
rectifier chosen was a germanium diode. Since a zero- 
center indicating meter was desired, a second germanium 
diode, excited from the controlled local-oscillator signal, 
was used to cancel the stand-by current which would be 
derived from the first diode when the transmitter 
frequency equaled that used as the normal operating 
frequency of the discriminator. Thus the resultant d-c 
meter current would have a polarity and magnitude 
proportional to the deviation of the transmitter fre- 
quency from assigned value, which would, of course, 
be the normal operating frequency of the discrimina- 
tor. Provision for a remote indicating meter was in- 
cluded for convenience. The complete frequency-devia- 
tion measuring circuit is shown in FIG. 8. 


Modulation Detector 

The modulation detector must convert the modu- 
lated RF signal into the audio-frequency signal without 
” #*Reg. trademark of G.E. Co. 
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distortion in excess of the stipulated amount and 
out creation of more noise than specified. If the a 
tude of the carrier component of the RF signal ig 
constant and the amplitude of the resultant a) 
frequency signal is measured, the value obtained w 
proportional to the percentage modulation of 
transmitter. The objective. of low distortion is ; 
possible at high percentages of modulation by thet 
the exalted-carrier circuit, which, by the addition 
large local-oscillator signal to the transmitter ca 
will reduce a 100-percent modulated signal t 
effective modulation of about 7 percent. Thus, negg 
peak clipping of the RF signal can be avoided, whil 
effect of detector curvature is overcome by the u 
a reasonable signal level. This relatively new techr 
is highly effective, and should receive more widesg 
attention. It has already been applied with noj 
success in signal generators where low distorti 
desired for high-percentage modulations. ! 

The rectifier system of the modulation monitor, ex 
in values of components, is practically a duplicate oi 
phase-sensitive circuit used with the local oscillat 
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Phase-shift Network 

It will be recalled that the local oscillator oper 
with a phase shift of about 90 deg from the t 
mitter carrier signal. Before this signal can be add 
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to the transmitter signal for detection, the phase § 
must be entirely removed. A phase-shift network 
therefore inserted in the local-oscillator supply 1 
to the rectifier circuit. This is indeed necessary, 
small amounts of phase shift result in unsymmetfi 
modulation and an increase in audio distortion. “ 
is Shown in Fic. 9. 

Another advantage is derived. It will be recalled t 
in the phase-sensitive detector, the output was prof 
tional to the difference in amplitudes between a sig 
that is proportional to the vector sum of the t 
applied RF signals and one of them. In the modulat 
detector, however, the two RF carrier frequency § 
nals are in phase instead of 90 deg out of phase as ¥ 
the case in the phase-sensitive detector. Because 


July, | 


a 


i difference between the signal due to the vector 
the one due to the local oscillator only is 
ithe signal due solely to the transmitter. Thus 
wput of this modulation detector has been made 
ly independent of any noise or incidental 
ion of the local oscillator. It is dependent almost 
Hh the modulation of the transmitter—a unique 
@remely useful effect. If this causes one to wonder 
p latter signal was not used alone, it should be 
} that this process never requires a rectifier to 
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carrier for exalt- 
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with large variations in RF envelope, as is 
fe with ordinary detectors, which causes them to 
© audio-frequency distortion. 


itter signal would result in an increase of audio 
on if special precautions were not taken in the 
of the monitor. Since the crystal of the local 
or responds with decreasing effect to the low 
requencies above 20 cycles per second, special 
on was given to reducing the response of the 
scillator to low audio frequencies lying above 
alue. Another factor which required attention 
rom the fact that poorly adjusted transmitters 
e radio-frequency harmonics. Such harmonics 
transmitter wave were found to adversely affect 
dio-frequency distortion produced by the moni- 
d were therefore removed by a simple RF filter 
d in the input system of the monitor to which 
nsmitter signal was applied. 


| 
: : : : 
i modulation of either the local-oscillator or 
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‘ing Experience 

result of these measures has produced a modula- 
reuit which is highly effective. It was found dur- 
velopment that the circuit stays in adjustment. 
| years of experience in the field have confirmed 
4e original findings during development and the 
at the circuit possesses stability considerably in 
of that needed. In fact, the greatest problem 
en to obtain the confidence of those not fully 
r with such circuits that, if trouble were indicated 
monitor readings, one should look elsewhere 
1d leave the factory-sealed adjustments in the 
r alone. 

over-all audio-frequency distortion caused by 
nitor itself in the audio measurement circuit is 
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well below 14 percent up to 100-percent modulation. 
In the loudspeaker monitoring circuit, the equivalent 
value is less than 4 percent distortion, the slight 
increase being due primarily to the output transformer. 
The frequency-response characteristic of the entire 
modulation-detector circuit is within +% db of being 
flat over the audio-frequency range from 30 to 15,000 
cycles per second, and exceeds the Federal Communica- 
tions Commission requirements. 

Since the RF amplitudes are held constant, it is 
necessary merely to measure the amplitude of the 
audio-frequency signal to have a measure of percentage 
modulation of the transmitter. The meter circuit used 
for this function has been provided with a reversing 
switch to enable either positive or negative modula- 
tion to be read. The actual meter used in this portion 
of the monitor must meet rigid Federal Communications 
Commission specifications in regard to over-all indicat- 
ing accuracy, meter scale length and marking, re- 
sponse time, period of oscillation of the pointer, and 
degree of instrument damping. In this monitor, the 
meter and its associated amplification circuit are a 
duplicate of those previously used successfully in the 
General Electric FM Broadcast Station Monitor. Pro- 
vision for a remote indicating meter has been made here 
also. 


Over-modulation Indicator 

Another monitoring function required by the Federal 
Communications Commission relates to an indicator 
to show when modulation peaks exceed any predeter- 
mined and readily chosen values of percent modulation 
within certain limits. By connecting the grid of a gas 
triode to the cathode resistor of the final amplifier stage 
of the modulation circuit, and the cathode of the gas 
triode to a calibrated attenuator, a panel light in the 
output circuit of the gas triode may be made to flash 
and a remote alarm or counter to function whenever 
modulation peaks exceed the value determined by the 
setting of the calibrated attenuator. This circuit meets 
not only the Federal Communications Commission 
requirements but also the even more stringent specifica- 
tions set up for the product. 

Another feature of special importance to the broad- 
cast station arises from the use of the exalted-carrier 
circuit. Since the local oscillator is designed to drop out 
of synchronism with the transmitter before the linear 
range of the frequency discriminator characteristic is 
exceeded, a high-level signal beating with the transmit- 
ter signal would occur if the transmitter frequency 
drifted beyond this range. This not only throws the 
pointer of the frequency-deviation indicator off-scale 
but causes an unpleasant warble tone in the monitor 
loudspeaker, a sudden large and fluctuating indication 
on the percentage-modulation meter, and the actuation 
of the over-modulation flasher and of a remote alarm. 


Carrier-level Indicator 


The transmitter output is monitored by connecting 
an RF voltmeter circuit across.the monitor input ter- 
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chosen were suited to the requirements and were 
centered in their tolerance ranges. 


Acknowledgments 
The authors wish to acknowledge the technical a 
— ance of Messrs D. E. Norgaard, E. S. Sampson, 
T. M. Wilson; the design assistance of Messrs V 
Ford and E. F. Travis; and commercial sponso 
of Messrs C. A. Priest, W. R. David, and W 


Broughton. 


Fig. 10. AM Broadcast Station Monitor. 
The instruments (left to right) give indi- 
cations of carrier frequency deviation, per- 
centage modulation, and carrier level 


Fig. 11. Rear view of the 
AM Broadcast Station 
Monitor 


Fig.12 Components of the m 
i - indicator unit 


minals to which the transmitter signal is connected. 
The scale of the indicating instrument is calibrated 
from 0 to 150 percent of carrier output level and serves 
as a remote indication of transmitter performance as 
well as of the power delivered to the antenna system. 


The monitor is supplied with power from a special 
electronically regulated power-supply unit. The two 
units (indicator chassis and power supply) are shown 
in Fic. 10. Other views are shown in Fics. 11 and 12. 
The monitor has been available since early 1948, 
and a sample has been in continuous operation in the 
laboratory since that time without adjustment or 
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Statistical methods of analysis of its performance 
other records have proved that the design const 
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STRUMENTATION AND 


ROADLY speaking, the purpose of applying in- 
strumentation and automatic control to the small 
r plant is identical with that which guides the 
Hcation of this equipment to large industrial or 
#al-station power plants. The basic objectives are: 
). To improve fuel economy 

|. To keep over-all costs at a minimum 

). To insure safe and reliable operation 

. To utilize operating personnel efficiently. 


#cause it is difficult to define the small power plant, 
general types of plants have been selected to 
esent different industry problems; in this article 
application of instruments and control to each of 
= plants will be considered with respect to the ob- 
es outlined. These four plant classifications are: 

. Small coal-fired boilers 

Small oil- or gas-fired boilers 

. Medium-sized boilers for industry 

). Central-station power plants. 


utilizing oil-, gas-, or coal-fired boilers generally of 
p and less, is omitted (1) because it seems outside the 


ed as a paper at the Thirteenth Annual Midwest Power Conference, 
3, Illinois, April 5, 1951, sponsored by the Illinois Institute of Tech- 
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FOR SMALL POWER PLANTS 


lEffective application of instruments and automatic control is rewarded 


By P. S. DICKEY 


Vice-President, Bailey Meter Company (Wes ; 
Cleveland, Ohio Abeer 


CONTROL 


tities of fuel burned are hardly enough to justify exten- 
sive instrumentation and automatic control equipment. 


SMALL COAL-FIRED BOILERS 

There are many boilers in the capacity range of 
5000 to 30,000 pounds of steam per hour, or equivalent 
heat liberation, on which intelligent application of in- 
struments and control can guarantee yearly savings 
equal to 20 percent or more of the cost of the control 
equipment and at the same time provide much improved 
performance in meeting the demand on the plant. Plants 
of this classification are generally used to provide steam 
for heating and some industrial process work and are 
usually operated at medium pressures. Coal is burned 
because of cost or because of the proximity or reliability 
of supply. Mechanical stokers of the spreader, under- 
feed, or chain-grate type are almost invariably used in 
this type of plant today. 


Typical Installation of Instruments and Control 

Firsthand experience with operation of a plant of 
this type for heating the Bailey Meter Company fac- 
tory has more than justified expectations as to per- 
formance. A description of this installation will be of 
interest to others who have similar problems. 

Fic. 1 shows the arrangement of instruments and 
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control for the 250-hp boiler fired by a single-retort 
underfeed-type stoker. Since the building heating sys- 
tem utilizes hot water and since no process steam is 
required, a standard water-tube boiler was installed, 
with minor modifications necessary for hot-water heat- 
ing. 

To determine the heat liberation, for record purposes 
and as a guide in combustion control, a novel Btu 
flowmeter is utilized. This meter, as shown in the dia- 
gram, measures water flow through the boiler and 
temperature rise, and automatically computes and 
records total Btu delivered by the boiler. This Btu 
flow is compared against air flow supplied for combus- 


tion in exactly the same way that steam flow-air flow _ 


is used in controlling combustion on the standard steam 
boiler. In addition, an interlock is provided on the water 


Fig. 2. 
This is typical of the system shown in Fig. 1 


Firing aisle in heating plant in Bailey Meter Company factory. 


flow measuring element which shuts down the stoker 
and the forced-draft fan in case of failure of the water 


supply. 


Combustion Control 

The arrangement of the combustion control is con- 
ventional with parallel control of the stoker speed and 
forced-draft air supply in accordance with load de- 
mand, which, in this case, is indicated by measurement 
of water temperature instead of steam pressure as on 
the standard steam boiler. Stoker speed is readjusted 
automatically from the Btu flow-air flow recorder con- 
troller to maintain a proper fuel bed and thus maintain 
efficient combustion at a minimum excess air. 

Control of the uptake damper is from an independent 
furnace draft regulator. On small boilers of this type, 
where it is difficult to maintain tight furnace settings, 
a regulator of this type is necessary to avoid losses due 
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to cold air infiltration and to protect the operator 
ing inspection and fire-cleaning periods. f 

The problem in this instance was similar te 
found in many other plants of this character, ne 
that building clearances limited the height of the 
setting and thus prevented an ideal furnace ar 
ment. To achieve smokeless combustion with low: 
air, the use of overfire-air jets was found very ben 
particularly during periods of fluctuating load. TI 
of a smoke recorder with automatic control of sta1 
stop of the overfire-air fan from smoke density has 
of extreme benefit in achieving smokeless combt 
with low excess air and in conserving overfire-a 
power by utilizing the air jets only when nece 
The recorder is also a valuable guide to the firen 
keeping fires in proper condition. 

Additional instrumentation includes the flu 
temperature record, which is added to the Btu fc 
flow recorder to permit determination of the clean 
of the boiler, and a combination draft gage 9 
indicates windbox pressure, furnace draft, and w 
draft and which provides a guide to the air pre 
losses throughout the boiler. 


Advantages 

This represents adequate instrumentation atl 
trol for a small coal-fired boiler plant; and expel 
has indicated that a plant provided with this e 
ment will operate efficiently without the need of h 
trained personnel. Fic. 2 shows the general arr 
ment of the firing aisle in this plant. The advan 
of this type of plant are considered to be the follo 


(1). The equipment is simple to operate and 
to maintain. Reliable performance can be exp 
from a plant of this type 

(2). The plant has a very wide load range 
where spreader or underfeed stokers are utiliz 
is quick to respond to load changes and ce 
operated very efficiently under fluctuating load 

(3). Where the plant must be brought to a 
stantially no-load condition, it is relatively ea 
stop and start the unit and carry it on bank, 
permitting extreme load range without any 
plication 

(4). Through the use of smoke recorders and 
matic control of overfire air jets, clean fires ¢ 
maintained and smoke nuisances avoided. T 
particularly important to plants located in 1 
areas because of the increasing insistence on elit 
tion of the smoke nuisance 

(5). Since an automatic plant of this type ret 
only part-time supervision, other duties can 1 
signed to the operating personnel, particulai 
the small plants. 


PACKAGE-TYPE OIL- AND GAS-FIRED BOIL 
Boilers of the package type are built by a num 
manufacturers in sizes ranging up to 30,000 pout 
steam per hour. The boilers are designed for con 


J uly 


pry assembly and may be shipped assembled to 
ustomer’s plant. The boiler furnace is designed for 
gsure operation, so that the forced draft fan supplies 
required amount of air for combustion regardless 
ack draft available. 

G. 3 shows a plant of this type. It will be noted 
the forced-draft fan and the fan-damper controls 
a part of the boiler assembly. This equipment 
g with the feed-water regulators, burner protective 
pment, soot blowers, etc., is assembled to the 
et in the factory. 


rol Panel and Instruments 

he control panel. contains the necessary instru- 
ts, combustion controls, burner-lighting and safety 
rols as well as the main fuel-regulating and shut-off 
res. Controls for the ignition torch and for atomizing 
m for the oil burners is also a part of the control 
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Fig. 3. Package-type oil-fired boiler 
STEAM PRESSURE 
. . FUEL=AIR 
RATIO =) 
; . e223 IGNITION TORCH 
; 5 CONTROLLER (S) “al D> FLAME ROD 
' v | ‘of 
if ~~ 
—-—-{J i ' P 
. PROGRAM | | 
CONTROLLER 
MOREIOR LESS j L FLAME SCANNER 
AIR LOADING P ele 
PRESSURE TO COMER» N= So ae I 
HOLD FUEL-AIR j 
RATIO CONSTANT INTERLOCKS “Eon PUMP ees) 
MOTOR, LOW OIL TEMP., aed 5 PE = a 


MAIN FUEL CONTROL AND SHUT-OFF VALVES 


3 oil-fired installations, the oil pumping set may 
nstalled in the control panel and a complete fuel- 
ting unit with automatic control may be like- 
installed for heavy fuels. 
us, the control panel comes completely assembled, 
1, and wired from the factory; and a very minimum 
1d connections are required for the plant beyond 
in feed water, steam, fuel, and stack connections. 
nstruments include the main steam pressure gage, 
um. flow and air flow meter (if desired), flue-gas 
perature recorder and fuel- and windbox-pressure 
icators. 
rrangement of the automatic control equipment is 
wn in Fic. 4. Steam pressure regulates the forced- 
3 air supply by regulating vanes at the forced-draft 
inlet. A metering-type fuel-air-ratio controller 
ilates the fuel in accordance with the combustion- 
supply. Since the fuel burners and the furnace are 
ed for operation at low values of excess air and 
. this size Tenge of boiler, very substantial sav- 
1981 
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TROL FOR 
GAS FIRED IGNITION TORCH 


Fig. 4. 
for package-type boilers 


Combustion control equipment 


ings in fuel are possible through operation at low excess 
air, close control is provided through the use of the 
metering-type fuel-air-ratio controller. Savings up to 
five percent or more of the total fuel bill are possible; 
and such savings are enough to pay for the control 
equipment in a very limited period of time. 


Burner Operation 

The burners are designed for operation over a range 
of approximately 4 to 1. Full throttling control of the 
fuel and air supply is utilized over the operating range 
of the burners since it would be highly impractical to 
attempt to achieve all regulation on burners of this size 
through off-and-on control. 

However, to extend the range of operation below the 
minimum combustion rate on the burner, an off-and-on 
control system is utilized. Burners are started and 
stopped in accordance with steam pressure changes, 
which permits operation down to substantially no-load 
conditions. Since the firing rate is low, the control can 


oh) 


be adjusted to maintain steam pressure within reason- 
able limits without excessive cycling of the start-and- 
stop controls. 

Protection against low water in the drum, loss of 
the forced-draft fan or fuel pumps, or loss of ignition 
are included with the off-on control system, and ar- 
rangements may readily be made to signal the operator 
in the event of failure due to any of these causes. A 
plant of this type, therefore, does not require full-time 
supervision since the plant is fully automatic, since it 
is fully protected against failures of auxiliaries, and 
since provisions can readily be made for audible alarms 
to warn in case of such failures. 

The advantages then of the package type plant and 
automatic control are as follows: 


(1). Nearly complete factory assembly which re- 
duces field installation costs to a minimum 

(2). Design of the burners and furnace and use of 
precise fuel-air ratio controller provides efficient and 
smokeless combustion with low excess air over a 
range of load of at least 4 to 1 when burning either 
oil or gas 

(3). Low loads and banked condition may be car- 
ried by off-on control of the fuel burners 

(4). A complete control system with safety inter- 
locks and warning devices eliminates the need for 
full-time attendance of the unit. 


MEDIUM-SIZED STEAM PLANTS FOR INDUSTRY 

Many industries require process steam in amounts 
varying from 30,000 to 200,000 pounds per hour and 
upward. Turbine-generators may or may not be in- 
cluded, depending largely upon the possibilities of utiliz- 
ing extraction steam for the various process require- 
ments. 

Since each plant has its own particular problem com- 
plicated by process steam requirements of varying 
amounts, pressure, and temperature, and by the neces- 
sity or desirability of burning different fuels (including 
waste fuels), it is difficult to apply a standardized plant 
to this problem. Careful surveys of requirements and 
the greatest engineering skill are needed to develop 
designs best suited for the particular problems posed by 
the industry. 


Trends 

The trend, however, is towards fewer boilers and 
units of higher capacity, because over-all costs and the 
cost of supervision is reduced with fewer, larger units. 
Boilers are usually equipped with economizers or air 
preheaters for maximum heat recovery. Because of the 
use of high pressures and temperatures, and since large 
quantities of feed-water makeup are often required, 
extensive water treating is often necessary. 

Operation of the boilers at higher ratings and higher 
pressure under fluctuating loads often encountered in 
this type of plant usually justifies the use of the best 
type of feed-water regulation. The three-element control 
involving steam flow, water flow, and water level is 
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becoming very popular for this type of plant. In v 
of the large amounts of fuel consumed and in vien 
the need for following load fluctuations, a comp! 
combustion control system capable of operating 
boiler through the required load range with maxim 
efficiency is an economic necessity for boilers of 1 
size. 

Where different fuels individually or in mixtures 
different proportions are burned, a flue-gas analyzer 
determination of free oxygen in the flue gases is a ve 
able instrument, since it is least affected by change: 
fuel composition, whereas the older CO: analyzer is 
little value because of the large variation in CO; ¢ 
tent when different fuels are burned with the same 
cess air. 

Table I provides a check list for instruments ‘ 
automatic controls which should be applied to ste 
plants of this group. Special problems require spe 
measuring and controlling equipment; but the 
covers equipment which can be economically justi 
for practically every medium-sized plant. 


TABLE I: CHECK LIST FOR INSTRUMENTS OR CONTROLS APPLICA 
TO MEDIUM-SIZED PLANTS 


Automatic Controls To Maintain 5 
Combustionie ec. eee Steam pressure, combtsea 


ciency, furnace pressure 
Feedwater. 3s )..:)e ae ee Drum level, uniform feed suy 
Feed pumps iap.cecisneeea ree Feedwater pressure 
RECOV ET SHE novi eine che eee To Record and Check 
Steant flow. "ic, yeas Pee Total steam generation 
Steam flow-air flow........... Combustion efficiency 


Steam and water temperature. . Heat balance 
Flue gas and air temperature. . . Boiler efficiency 


Druny levels. 4. aoe eee Feedwater regulation 

Feedwater flow............... Total water consumed 

Steam and water pressure..... Regulation 

Oxygen analyzer............. Combustion conditions 

Smoke density. .............. Combustion conditions 

Conductivity and pH......... Steam and water purity 
Indicators 


Steam and water pressures 

Fuel pressures 

Air pressures and drafts 

Oil temperatures 
Speed indicators or ammeters for fans, pumps, feeders, ete 


STEAM-ELECTRIC GENERATING PLANTS 

The trend of design in the smaller steam-elec 
generating station is toward the unit type of plant y 
centralized control of mechanical and electrical eq 
ment. J. M. Drabelle, Chief Engineer of Iowa Elec 
Light & Power Company, comments as follows rege 
ing this trend: 

“The improvement in the reliability of all classe 
power station apparatus, mechanical and electrical 
the past 25 years has caused a definite trend toward 
unit type of station. 

“Centralized control places all of the essential op 
tions of the steam generating equipment, steam ut 
ing equipment, and transmission lines in one conven 
place under the eye of one operator, which spells ec 
omy in labor. 


3 
jThere are three outstanding items determining the 
} of the station. They are invested capital, labor, and 


ps. Labor is a never-ending operating charge. When 
hpared to other stations of conventional arrange- 


Future Developments 


In all types of power generating stations, a continua- 
tion of the present trend can be expected along the 
following lines: 


it, these stations (using centralized control) used 
fo 50 percent fewer operating employees, an annual 
ng that cannot be overlooked.” 
ne of the earlier small utility plants in which con- 
Is for boilers and turbines were centralized at one 
tion is the Iowa Falls Station of Central States 
stric Company, which went into service in 1945. 
combined boiler and turbine instrument and con- 
panels are shown at the right in Fic. 5. The unit 


5. An early installation of centralized controls for boilers and 
turbines for a small power generating plant 


sists of one 12,000-kw generator with one spreader 
<er-fired boiler capable of generating 125,000 pounds 
te am per hour at 420 pounds pressure and 750 F. 


abined Controls 

i more recent installations, the tendency has been 
sombine mechanical and electrical controls for two 
§ at one supervisory control station. Fic. 6 shows 
eontrol room for two 50,000-kw units at the 
Stang Station of Oklahoma Gas & Electric Com- 
These units operate at 850 pounds pressure and 

. To minimize the length of the instrument and 
pi panels and thus keep down the size of the con- 
Toom, pneumatic and electric control stations and 
tric indicators are installed on a bench type of 
el, one for each boiler. Recording instruments 
ary to follow operating trends and provide oper- 
history are mounted on a vertical board imme- 
ly behind the bench. Additional indicators are 
lled on an inclined extension at the top of the verti- 
board. 

‘urbine supervisory instruments for both units are 
ra led in the center section of the vertical board 
ween the boiler sections. This makes a very con- 
1 ent arrangement of equipment and one which 
uld give good operation with a smaller supervisory 
e than would ordinarily be required. 
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(1). There will be a continuing trend towards 
reduction of the Btu required per kilowatt. The more 
efficient plants will require more complete instru- 
mentation and control to maintain the design condi- 
tions and the inherent fuel economy 

(2). As steam pressures and temperatures are in- 
creased, closer control will be required, because 
operation below design conditions results in severe 
loss in economy; and operation above design condi- 
tions is unsafe 

(3). There is ample operating experience now 
available to indicate the desirability of combining 
boiler, turbine and possibly electrical controls for 
one or more units in one centralized supervisory 
station 

(4). The use of the centralized supervisory station | 
brings more instrumentation and control under the 
supervision of the single operator; and improved 
arrangements of these supervisory stations will be 
required to assist the operator in performing his 
duties efficiently and correctly : 

(5). More compact arrangements of instruments 
and controls will be developed to eliminate lost mo- 
tion on the part of the operator. Functional designs 
of control stations will improve his efficiency and 
reduce his operating errors 

(6). Combination instruments of both the record- 
ing and indicating types will be utilized to assist the 
operator in proper interpretation of operating condi- 
tions. Improved annunciator systems will be de- 
veloped to warn the operator in case of abnormal 
functioning of any piece of equipment. 

(7). The steam generating station will approach 
the automatic plant; but such a plant is still a long 
way from realization, and realization will be limited 
by lack of standardization of fuels, load conditians, 
and design of major units and auxiliaries. 


Fig. 6. Control room in which are combined mechanical and electrical 
controls for two 50,000-kw units 


OVER-AGE LAMPS MAY MAR 
TELEVISION RECEPTION 


Radiations from old bulbs of the obsolete 
straight-wire vacuum type have been found 
to cause interference in nearby receivers 


By J. H. CAMPBELL and H. E. SCHULTZ 


Engineering Division, Lamp Department ZZ E. oA , 2 DV. Ez. hi p 
U 


General Electric Company 
Nela Park, Cleveland, Ohio 


T has been known for some time that vacuum-type time. This makes detection of the interference all 

filament lamps with a straight-draped wire filament more difficult, since most service men and engit 
could produce radiation at television frequencies. In as well as laymen would least suspect a filament I 
fact, tests were conducted in Bridgeport and Sche- as a source of interference. Detection is further ¢ 
nectady as early as 1940 on various types of filament plicated by two additional factors. It is a very 
lamps furnished for the purpose by the General Electric occurrence when a modern filament lamp of any ~ 
Company’s Lamp Department. These tests revealed causes interference; this fact tends to relieve the 
that only the S-1 type of filament in vacuum Caused spp — EES OER omens 
sustained oscillations that could be picked up by the ae ree: Sangeet 
television antenna or the unshielded parts of the re- 


soe a, em RANA, 
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ceiver. 
Lamps of this type for home lighting were not manu- | ee - = 
factured after 1925, so the problem is not generally _ i 


considered a serious one as compared with other sources 
of interference.* However, since there are now over oe 4 q 
12,000,000 television sets in operation, it is under- 
standable that many older homes contain one or more 


of the veteran lamps as well as a television receiver. PES Clos : 4 
In the past two years, it has become apparent that i [ 4 
many more of these lamps are in use than originally \ ‘4 . . 
supposed. Their longevity is explained when it is con- a 4 
sidered that there are a number of socket locations— : dt 


such as the attic, fruit cellar, hallway, and garage— 
where lamps are used intermittently and for a short 


*Other types of interference, originating with airplanes, automobiles, and 
motors, create disturbances of a different character. These should not be con- 
fused with the rarer, special examples presented here. 


Fig. 1. Lamps of this early type—identii 
by the straight-draped wire filament, 
glass bulb, and tip—are often sources of 
tortion on TV screens ¥ 


_ Fig. 2. Disturbance was caused on 

_ this screen by an oldlamp locatedten 

feet from the set and 75 feet from the 
aa Rass an page oR IS crane 


2 


iS of suspicion. Old lamps in neighboring homes may 
Bate interference to the antenna, particularly in 
}ge areas where station signal strength is compara- 
Bly low. 

should also be pointed out that not all of the old 
tps will produce sufficient radiation to interfere. 
Hiation from the bulb may be reduced by surround- 
objects such as nearby metal. 


tification 


1G. 1 is a picture. of a typical straight-wire 
uum lamp. Most lamps for home lighting manu- 
ured from 1910 to 1925 are very similar in appear- 
e. The main points of identification are the filament 
pe, the clear glass bulb, and the tip. 


e of Interference 


1G. 2 shows the type of interference caused by these 
nips. This picture was taken when the lamp was 
ated about ten feet from the television set and about 
feet from the antenna. The disturbance has several 
iations, as shown in the pictures in Fic. 3. If 
lamp is located at a considerable distance from the 
eiver or its antenna circuit, the horizontal bars will 
less pronounced. The number of bars may vary from 
» to four, depending on the phase relationship be- 
sen the lamp and receiver. 


f a local program is being received the bars may 
ck in’ and remain stationary, particularly if the 
nsmitter is on the same 60-cycle network as the 
eiver. If an out-of-town program is being received, 
_ bars may move slowly up or down on the screen. 
1en interference is strong, the frame frequency of 
- receiver may be affected, so that the entire 
ture may rotate vertically or lock in position with 
bottom half of the picture at the top and vice 
sa. If the bars are wide, the space between the top 
1 bottom of a bar may contain criss-cross lines 
ming a diamond shaped pattern. Even though tele- 
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vision sound is transmitted by means of FM, distortion 
can occur since the radiation from old filament lamps 
can be both amplitude- and frequency-modulated. 

Low-frequency channels 2, 3, 4, and 5 are affected 
most, with the strongest radiated signal centering on 
channel 4. Higher-frequency channels may receive this 
type of interference because of slight differences in 
filament construction from one lamp to the next and 
the change in frequency due to electrical characteristics 
of the power line or surrounding objects. 


The Cure 


The radiation can be reflected away or dissipated by 
applying various types of metal reflectors, but no one 


filament lamps, 


recommendation will apply to all installations. The 
and least expensive cure is to replace these veter 
25 to 40 years with a modern lamp, which prod 
light at much higher efficiency and costs about. ‘ 
third as much to buy as the old ones did. On an e 
light-output basis, one of the modern 60-watt lamy 
equivalent to 314 of the old 25-watt lamps. iy 
Very little material of a technical nature has 
written about the cause of the radiation a 
although from previous tests 


generally supposed to be of the Barkhausen-Kurz 
of oscillation. Probably the most recent article o1 


subject. is that by Hans E. Hollmann, which apps 
in the August, 1950, issue of Electronics. 


HIGH LIGHTS AND SIDE LIGHTS 


Quick Classification 


A magnetic comparator, installed in a 
specially designed test bench in one manu- 
facturer’s plant, makes it possible for a 
single operator to separate 2200 mixed 
bolts in an hour. 

Unseparated bolts previously were sold 
at the classification of the lowest-grade 
material in the mix, meaning considerable 
loss. To eliminate this, the company had 
to separate large numbers of bolts from 
mixes of differing material, a costly and 
time-consuming process. To facilitate the 
sorting operation a special testing bench 
was designed and built, incorporating the 
magnetic comparator. 

Through the use of standard or reference 
specimens this device, basically an im- 
pedance comparator, correlates the chemi- 
cal and physical properties of bolts being 
separated with the electrical and mag- 


Comparator correlates the 
chemical and physical proper- 
ties of bolts with electrical and 
magnetic characteristics. Vari- 
ations are shown on the in- 
dicator 


netic characteristics. Variations are shown 
on an indicator. 

With the comparator recessed in the 
test bench the operator can easily see the 


indicator. The testing coil is set i 
with the bench top so that it 
necessary to lift the bolts into th 
they are simply dropped in. 


Keeping a Rocket in Bounds 


Firing record-breaking 250-mile-high 
rockets is a major engineering problem, 
but getting them back to earth at the 
right spot is an equally difficult task. 


According to the report on _ the 


“Bumper” rocket program being con- 
ducted by General Electric for the Army 
Ordnance Corps, fully as much engineer- 
ing time was spent in getting the two- 
stage rocket to descend properly as in 


This two-stage rocket consists of a German V-2 with an American ‘‘Wac Corporal’ in its nose. At 
an altitude of approximately 20 miles, the nose unit is fired. 
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actually developing it. This incl 
mathematical predictions of the mi 
actions, development of numerous § 
devices, and trajectory computations 


Approximately ten variable facto 
be taken into consideration when — 
altitude rockets are fired at the 
proving grounds. These include rang 
direction of the impact area fro 
launcher, trajectory, geography, 
direction and velocity, air density 
the rotation of the earth. 


If the earth’s rotation were not 
puted in present_trajectories, some rt 
would descend approximately 15_ 
from their targets. During the time a 
altitude rocket is in flight, the laun 
site actually moves out from une 
vertical trajectory with the rotation 
earth. On a 250-mile-high flight, a t 
two-stage rocket such as Bumper | 
be in the air more than ten minute 
counteract this movement, enginee! 
firing these rockets nearly ten di 
away from the target course. Witl 
correcting angle, the rockets retu 
earth within the predetermined arez 


J uly, 


HE PUMPLESS RECTIFIER 


Industry’s new tool for converting AC to DC, already proving 
its worth, offers new possibilities in terms of safety, main- 
tenance, and reliability in the use of rectifier equipment 


By RALPH SIEGEL 


Power Electronics Division 
Industrial Engineering Division 


ried, gee 


EW tool, based on tried and true principles, for From the users’ viewpoint, the following questions 
converting large blocks of alternating current to concerning the pumpless rectifier will arise: 

current is now available to industry. This new 
re, shown in Fic. 1, is called the pumpless rectifier. 


General Electric Company 


(1). What are the characteristics of this new tool? 

(2). How may it be applied to fulfill operational 
requirements? 

(3). What are its advantages over pumped 
rectifiers, whose advantages over other types of con- 
version apparatus are well known? 


Pumpless ignitron rectifier. Front view 


Fig. 1. 


Fig. 3. Sealed ignitron mercury-arc rectifier for industrial 
service. Rated 500 kw at 250 volts d-c or 1000 kw at 600 volts 
d-c. Front view, showing tubes installed 


What is this New Tool? 
Acquaintance is assumed with the major components 
of a power rectifier equipment: a-c switchgear; rectifier 
transformer; rectifier; and d-c switchgear, With this 
assumption, the details of the switchgear and trans- 
former will be omitted from this background descrip- 
tion of the pumpless rectifiers. 


The First Installation 

Fic. 2 shows the first installation of a large zgnitron 
mercury-are rectifier whose tanks were vacuum-sealed 
semipermanently. Heretofore, conversion (a-c to d-c) in 
ratings above 500 kw at 250 volts d-c or 1000 kw at 600 
volts d-¢ was done by multiple units of sealed-tube 


5 = d- tifier installed at Colorado Fuel & Iron , : 
ee en Tete i rectifiers (Fic. 3) or by the pumped equipment (Fie. 4). 


ickwire Spencer Plant, Buffalo (N. Y;) 
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Fig. 4. Typical pumped-tank mercury-arc rectifier for transportation service 


1 

2 MYCALEX SEAL 
3 GLASS SEAL-OFF 

4 ANODE HEATER COVER 
3 LECTRODE 


OE CONNECTION 


1 
ANODE MYCALEX SEAL 
GRID | 

| i 


JACKET 
14 GRID SUPPORT INSULATOR 
fe HEAT SHIELD 


ANODE 
17 ANODE STUD © 
16 WATER BAFFLE 
Breage BAFFLE 


COnNOUVAYWD™ 


<_< 


sa ll ame == 


20 21 22 23 24 26 26 27 26 


Fig. 5. Pumpless ignitron rectifier tank. Vertical section with numbered 
parts listed 


Shortly after the development of the smaller sealed- 
tube rectifiers, it was recognized that the pumped tank 
units should also be permanently or semipermanently 
sealed. Work on this project was started and cul- 
minated with this first installation of a pumpless 
rectifier, in the Wickwire Spencer Plant of the Colorado 
Iron and Fuel Company in Buffalo, New York. Much 
experience has been gained from this installation. It 
has been operating at varying conditions of load rang- 
ing from 75 to 125 percent of its rated capacity; and 


after a long period of extremely successful op 
the pumpless rectifier has become commercially 
able for general industrial and transportation s¢ 
The rectifier has been operating successfully for 
34 months. . 


Semipermanent Sealing of Ignitron Tanks Fe 

There were many problems accompanying the 
permanent vacuum sealing of an ignitron tank, 
to the development of the pumpless tanks, evacu 
equipment had to be continuously operating to re 
occluded gases, seepage, and so forth. The soluti 
these problems is a story of application of r 
developments of the mass spectrometer, new fa 
evacuation methods, and new materials, which : 
possible the elimination of the vacuum mar 
pumps, and gages. However, the final pumpless ign 
tanks are not greatly different in appearance from 
predecessors (Fic. 6). Extreme precautions were 
sary to prevent gas seepage through the ports by} 
the tanks were originally degassed. After factor 
gassing, the vacuum valve (Fic. 5, Part 8) is clos 
vacuum-tight enclosing cap is then placed over 
valve and is evacuated through the stem shown 0 
left tank in Fic. 7. This stem is then heated t 


TIONAL VIEW OF VACUUM JOINT ; 
ShOWING “ALUMINUM GASKETS, GROOVES . 
OF THE SURFACES, ANO SHAPE < 

OF THE GASKET WHEN JOINT IS COMPRESSED. . 


UPPER @ LOWER 
WATER JACKET 
GONNECTION. 


| MYCALEX ANODE INSULATOR 
2 MYCALEX INSULATOR (LEAD TO INSULATED BAFFLE) 
3 ANODE HEATER COVER 


5 VACUUM CHAMBER COVER 

6 TWO(2) ALUMINUM GASKETS 

7 VACUUM CHAMBER 

6 WATER JACKET 

9 ENERGIZED (DE- IONIZING) ANODE BAFFLE 

© SUPPORT RING FOR PT. 9 

| INSULATOR FOR PT 9 ( MYGALEX) 

2 GRAPHITE ANODE 

3 ANODE STUD 

4 MERCURY SPLASH BAFFLE 

5 IGNITER TIP 

6 INDIVIDUAL VACUUM VALVE 

7 HEAT SHIE! | 

s ANODE SPACER | 
MYCALEX INSULATOR FOR IGNITER & RELIEVING ANODE LEADS 

© ADJUSTING SCREWS FOR PT. 5 a 

' FLEXIBLE Dia. (AND ADJUSTING SCREWS PT 20) 


) ORRE OUTSIDE TANK 
RELIEVING pehaavece IGNITER TIP 
Ss 


Hi 
ASKETS (INNER - FORMVAR) 
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Fig. 6. Pumped ignitron rectifier tank. Vertical and plan views 
numbered parts listed 
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Jing point and cut off, vacuum-sealing the port, as 
wn in the right tank in Fic. 7. 
jhe main difference between the pumpless tank 
Gribed here and the smaller-rated sealed rectifier 
RS which are discarded in the event of trouble, is 
the pumpless type may be reconditioned. Tanks 
t be opened, cleaned, defective parts replaced, re- 
uated and again semipermanently sealed, making 
mm as good as new. Pumpless tanks may be returned 
the factory for reconditioning at moderate expense, 
Jeconditioning equipment may be obtained by the 
‘to take care of such work at his own plant. 


Fig. 7. Pumpless ignitron tanks before and after valve seal- 
off operation on tank 


th the accomplishment of producing this new type 
sank, all that remained was for a trial installation 
drove its worth. The first of these installations is the 
lready described. The trials ‘were so successful 


Fig 9. 


that it was concluded that the evacuating equipment 
(furnished but never used for the first trial unit) could 
be safely omitted. The engineers then promptly started 
a redesign of the equipment that would economically 
lend itself to the unit substation arrangement, while at 
the same time make all parts easily accessible for 
inspection. An installation of the new design without 
vacuum equipment was shown in Fic. 1; a closeup 
showing details of the tank arrangement is shown on 
the Cover. An end view of this unit (Fic. 8), shows the 
positive and negative buses in the lower left corner. In 
the upper left is the surge tank for the heat exchanger 
and details of the water cooling system. Within the 
metal enclosure is the excitation equipment along with 


the amplistat-type voltage regulator. 


Where larger blocks of d-c power are needed, the 
12-tank unit (Fic. 9) is supplied. In this unit the 12 
tanks are mounted six tanks back to back and in two 
tiers of three tanks each. The firing and cooling system 
components are located in a close-connected adjacent 


unit. 


Such, briefly described, are the pumpless rectifier 


equipments as manufactured today. 


APPLICATION 


The selection, or application, of a mercury-arc 
rectifier 1s usually based on: 


(1). 


conversion equipment 


(2). 


(a). 
(0). 
(c). 
(d). 
(e). 
(f). 


Fig. 8. Pumpless ignitron 
rectifier. Left end view 


A twelve-tank 
pumpless rectifier, rear end 
view. The 12 ignitrons are 
mounted in the right sec- 
tion as in Fig. 1 except for 
a back-to-back arrange- 
ment with six tanks back- 
ing six tanks in front 


Ability to deliver load current as needed 


Electrical characteristics which include: 


Installed cost as compared with other types of 


Ability to carry high momentary overloads 


Power factor 
Efficiency 
Regulation 

Circuit arrangements 
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Fig. 10. Six-phase double- 
way power-circuit mercury 
arc rectifier 


Mechanical characteristics, which include: 


(3). 


(a). Floor space requirements 
(b). Installation requirements 
(c). Safety 

(d). Maintenance 

(e). Reliability 


Electrical Characteristics 

While the pumped-type rectifier is still the best for 
certain types of heavy-duty service, widespread appli- 
cation has been found for pumpless rectifiers for general 
industrial and transportation service. In many cases 
where the pumped rectifier previously was the only 
type suited for a particular application, the new pump- 
less rectifier will do the same job better. Moreover, the 
flexibility of circuit arrangements in the pumpless 
rectifiers permits certain advantages over pumped 
rectifiers in that it can be adapted to new circuits. 
Because the vacuum manifold is mechanically tied by 
conducting materials to the tanks of pumped rectifier 
equipment, the cathodes of all the tanks had to be 
maintained at the same potential. This meant that 
pumped machines were limited to those circuits in 
which the cathodes are connected to the same bus. 
Since there are no vacuum manifolds on a pumpless 
rectifier, the cathodes may be made to operate in 
double-way circuits where they are not at the same 
potential. 


Double-way Rectifiers 

A very useful circuit is the double-way or full-wave, 
shown in Fic. 10. Such circuits can be used in 1500- 
volt d-c, 3000-volt d-c, and other high-voltage services 
(mostly transportation). Fic. 11 shows the circuit 
arrangement for a single-way rectifier as required by 
most of the commercial applications today. Advantages 
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3-PH AC POWER 


RECTIFIER 
TRANSFORMER 


Be: 


+ 


DIRECT CURRENT 
OUTPUT 


Fig. 11. Six-phase single- 
way power-circuit mercury 
arc rectifier 


to be obtained from using the double way rectifier 
shown in comparing Fics. 10 and 11. For example 
simpler transformer is required; and transformers | 
be reduced in size with this circuit. i 
Other Commercial Double-way Circuits ‘ 

Other applications for 250-volt d-c industrial ser 
and 600-volt service can be made, based on the sz 
reasoning that applied in the higher-voltage ciret 
However, it should be recognized that there are sc 
limitations. The most important is the efficiency 
these double-way rectifiers. Since the tanks have 
placed in series for this connection, the arc aoe 
doubled which, of course, doubles the rectifier (but 
transformer) losses. This may or may not be sefi 
depending upon the use of the equipments. For exam 
in high-voltage applications, this additional arc los 
negligible and the difference in efficiency for a sin, 


way and double-way unit is hardly noticeable. Se 
tube rectifiers have long since proved to have de 


- cowrnos | 


OPERATING AISLE 


SUPERVISORY 
EQUIPMENT 


RECTIFIER 
TRANSFORMER 


AUXILIARY 
CONTROL 


RECTIFIER 
EXCITATION 


Fig. 12. 


Pumped rectifier floor plan for transportation service 


; 
July, ; 


ELEVATION 


RECTIFIER | 
CONTROL 


AC | TRANS - 
NGEAR--FORME Rf — RECTIFIER ~L@ BWeR ep —FEEDER SECTION —| 


TRANSITION 


FLOOR PLAN 
Fig. 13. Pumpless rectifier station layout 


e€-way applications for 250- and 600-volt d-c. In 
vent, each application should be judged on its own 
S. 


anical Characteristics 


“Space Requirements 
umpless rectifier lends itself to utilizing the floor 
of a station more efficiently than will a pumped 
ner. With the development of the pumpless recti- 
t becomes feasible to rearrange the ignitrons with 
j auxiliaries, so that the entire assembly is placed 
suitable enclosing case as shown in Fic. 1. When 
associated switchgear and transformer are lined 
nd bolted to the rectifier, a package product can be 
ded complete from incoming a-c line terminals to 
rutgoing feeders. This is one of the outstanding 
res of present-day ,unit substation practice and 


TANK NO 


only connect the various sections to operate. This 
eliminates the cost for conduits and cable interconnec- 
tions, and the costs for such planning as may be neces- 
sary. The chances of making errors in wiring are greatly 
reduced and trouble-shooting for such errors are elimi- 
nated; thus, installation is made simpler, easier, and the 
user is relieved of the responsibility for complicated 
installation requirements. 

No degassing is required at the time of installation. 
All these advantages greatly reduce the time and 
operational requirements to completely install the 
pumpless rectifier. 


Safety 


The safety features of a dead-front equipment are well 
known. The pumpless rectifier is arranged in a metal 
enclosure which is dead-front and which may be con- 
veniently grounded. This will help keep personnel from 
coming in contact with live parts and denies access to 
equipment by bugs, rodents, and other objectionable 
nuisances that may inadvertently enter the substation. 


Maintenance 


Since the pumpless rectifier has no evacuating sys- 
tem, maintenance is reduced considerably. There are no 
rotating parts, such as the rotary vacuum pump, nor 
is there a mercury diffusion pump, electric vacuum 
indicators, etc., to cause maintenance problems. Al- 
though such maintenance on a pumped rectifier is 
small, the maintenance staff must be familiar with 
evacuating techniques, and this is a consideration that 
must be included in selection or application of a mer- 
cury-are rectifier. Other indirect benefits may be ob- 


VACUUM RETENTION RECORD 6 TANK PUMPLESS RECTIFIER 


Fig. 14. Vacuum-retention record 


ich, may be applied to the pumpless rectifier. A 
“al arrangement of a pumped rectifier transporta- 
substation is shown in Fic. 12. Fic. 13 shows the 
angement with pumpless rectifiers utilizing the 
substation design. Much floor space can be saved 
‘the pumpless rectifiers. 


lation Requirements 

ace the pumpless rectifier can be manufactured as 
ckaged product, with all power and control inter- 
ections being supplied by the factory, it can be 
pletely co-ordinated with suitable mechanical con- 
ions being supplied to the user, who will have to 
bgt 
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tained such as savings in stocking of replacement 
parts and less frequent shutdowns to cut down on 
production time. 


Reliability 

In Fic. 14 is shown the vacuum record being main- 
tained for a typical pumpless rectifier over a period of 
many months. The record for arc-backs and failures for 
this same rectifier has been zero for the same period of 
time and it is expected that this record will be main- 
tained for many more years. 

Where tank failures do occur, such as persistent arc- 
back or misfire, the time out-of-service will be greatly 
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With such an impressive record, the pumpless 
fier will increase even more the inherently hi 
liability record of the pumped machines. 


Advantages of the Pumpless Rectifier . 
Fic. 15 best illustrates the advantages of the pu 
less rectifier. Here is an installation of two 10( 
250-volt d-c units. The transformers are located 
doors but are connected with metal-enclosed buse 
the anodes of the rectifiers. It has greater safety ( 
the metal-enclosed units). It offers the economy ‘i 
unit substation design in the installation, operatic 
and maintenance features. Less planning is neede 
make a complete installation, and of course no de 
sing operation is needed with the plan of installat 
an . Offering advantages of the unit-substation design, 


Fig. 15. 


reduced because a spare replacement tank may be im- 
mediately installed. The faulty tank can then be 
repaired at the convenience of the user. 


Operator adjusting d-c voltage output from two pumpless mercury- 
arc power rectifiers at the B & O R.R. Curtis Bay (Md.) ore dock. Rectifiers 
in rear close-connected to auxiliary control cubicle, cathode breaker. In 
foreground are the feeder units 


pumpless rectifier has proved very attractive ‘ 
mills for constant-potential d-c systems; some 
of electrochemical service; ore bridge power sup 
transportation service, involving street railway 
trolley coach systems; 
blocks of d-c power are needed to keep from 

loading existing, but outdated, municipal d-c syems 


building service where 1 


HIGH LIGHTS AND SIDE LIGHTS 


Cutting Costs with Capacitors 


The multimillion-dollar Shamrock 
Hotel at Houston (Tex.) has been able to 
cut operating costs by $760 a month by 
the application of capacitors to their 
distribution system. 

The hotel has 1100 rooms, some of which 
contain radio and television facilities and 
individual air-conditioning units. Prior to 
the installation of the capacitors the huge 
hotel was maintaining only a 77-percent 
power factor, and as a result had an aver- 
age monthly power bill of $8940 for a six- 
month test period. 

After application of capacitors of various 
sizes totaling 1210 kvar to air-conditioning 
motors, motors driving motor-generator 
sets, cooling-tower motor circuits, and 
power-distribution feeder circuits, the 
power factor was improved to 97 percent. 
At this rate, the average monthly power 
bill during the same six-month test period 
would be only $8180, a monthly saving of 
$760. The total cost of all material—wire, 
conduits, circuit breakers, capacitors, etc. 
—was only a little more than $9100. At 
the present rate of saving, the installation 
should pay for itself in less than twelve 
months, 


Photoelectric Controls for 
Regulating Schoolroom Lighting 


To take full advantage of available day- 
light and at the same time protect young 
eyes from strain and fatigue, a recently 
completed elementary school in Reading 
(Mass.) is using photoelectric controls in 
its lighting system. The installation is 
considered by engineers to be one of the 
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most outstanding examples of modern 
school illumination in the country. 

Four controls are so mounted and cali- 
brated as to turn all classroom lights on 
and off automatically according to pre- 
determined levels of prevailing natural 


Classroom lights are turned 
on and off automatically ac- 
cording to prevailing levels of 
natural light. Controls are 
mounted on wall above the 
blackboard 


light. Classrooms have either a southeast 
or west exposure, with a bank of windows 
and directional glass block. A typical room 
lighting system consists of six silvered- 
bowl incandescent units arranged in two 
parallel rows of three concentric louvered 
fixtures each and an emergency unit 
located in the rear of the room adjacent to 
the cloakroom and washroom. 

Two photoelectric indoor lighting con- 
trols are mounted in each of two class- 
rooms, one with southeast exposure and 
one with west exposure. These devices 
govern the lighting in all classrooms hav- 
ing the same geographical exposure. One 
control is located near the window bank to 
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regulate the lights near the windows 
other is close to the inside wall to r 
the remainder of the lights. i 
When the amount of natural light 
ing through the windows falls bel 
certain level, the indoor lighting ¢ 


nearest the wall automatically tu 
all the inside lights in the classro 
that exposure. When the prevailing 
level falls below a predetermined © 
point, the control near the window 
similarly on the outside fixtures, 
versely, the artificial lights are nee 
by the controls when natural light re 
an adequate level. 

The photoelectric controls are 
and out of the lighting circuit by m 
switches. These switches are turne 
at the end of the school day so thi 
automatic devices do not keep the 
on at night, and they are turned > 
the morning so that the lighting c 
regulated without further attention 


July 


Hermetically-sealed 


~ CUP CERAMIC CAPACITORS 
for Precision tuned 
Circuits . 


stability, high Q, and excellent retrace character 
istics are only part of the story on Sprague-Herlec 
Cup Ceramic Capacitors. 

In addition, they are small, 
hermetically - sealed, and easy to mount securely 
against the effects of vibration and shock. Their 
extreme stability and compactness make them un- 
excelled for rigid frequency control applications 
and as reference capacitance standards in either 
laboratories or electronic circuits. Low self- 
inductance likewise makes them valuable in v-h-f 
bypass applications. 


; With Sprague-Herlec metal cup 
ceramic capacitors in precision circutts, it is often pos- 
sible to control the capacitance tolerance within + 1% 
and the temperature coefficient tolerance within + 10 
parts per million! 


For complete details write for Engineering Bulletin 603 to either Sprague or 


SPRAGUE ELECTRIC COMPANY 


North Adams, Massachusetts 
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NEW PRODUCTS: 


Synchronization Pickup 


Synchronization Pickup 


A synchronization pickup, Type 140, 
designed primarily for use in automotive 
and mechanical industries, where it is de- 
sired to study phenomena such as pressure, 
stress, and displacement, by use of cathode- 
ray oscillograph. The pickup consists of a 
20,000-turn coil wound around a highly 
magnetized pole piece, which protrudes a 
half-inch through the mounting case. A 
pulse to trigger the sweep of the cathode-ray 
oscillograph is formed when a small piece 
of steel is moved past the face of the pole 
piece. The output pulse is double-ended 
and symmetrical, allowing synchronization 
on the positive or negative polarity. The 
case and base are constructed of aluminum. 
Sterling Instruments Co., 18331 Linwood 
Ave., Detrowt 6, Michigan. 


Selector Switches 


A line of long-life rotary selector switches 
is now available with up to 6 poles, 15 
positions per pole, on each deck. This large 
number of poles and positions on each 
deck is made possible by the “‘knee-action”’ 
type of rotor arm. This action insures low 
contact resistance and uniform contact 
pressure over the life of the switches. Silver 
alloy contacts and rotor arms are used. A 
new roller-type detent is also standard on 
all units. These switches provide positive 
action and long life.—Daven Co., 191 Central 
Ave., Newark 4, New Jersey. 
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Recycling Timer 


The multicam type recycling timer offers 
an easily operated, flexible, and compact 
instrument for controlling industrial manu- 
facturing and processing operations. A 
group of cams, operating snap-action 
switches, is mounted on a single shaft 
driven by a synchronous motor. Thus, all 
cams rotate simultaneously, and continu- 
ously repeat a constant time cycle that is 
common to all circuits. Percentage calibra- 
tions on each cam face permit cams to be 
individually adjusted for ON and OFF 
electrical periods, ranging from 2 percent 
to 98 percent of the time cycle. The time 
cycle can also be easily changed by sub- 
stituting simple rack assemblies in the drive 
between the motor and cam shaft. In addi- 
tion, every cam is independently adjustable 
to permit a specific over-all timing sequence 
to be obtained.—Industrial Timer Corpb., 
Newark, New Jersey. 


Portable Air-meter 


An instantaneous direct-reading portable 
air-meter for measuring air velocities of 0 
to 4000 fpm and static air pressures of 0 to 
4in. of water. The instrument has two scales 
for air-velocity measurement: low range 
from 0 to 750 fpm and high range from 750 
to 4000 fpm. The meter is relatively small 
and light and weighs 11 lb, yet is sturdy and 
highly accurate. It has a self-contained 
battery power supply and operates from a 
probe-mounted metal thermopile which is 
placed in the airstream whose velocity is 
to be measured. Measurement of static 
pressure is provided for by the use of a 
pressure attachment which mounts on the 
probe. It is not affected by the length of 
the cable from the probe to the instrument 
and is free from errors caused by sudden 
temperature vibrations.—Hastings Instru- 
ment Co., Inc., Hampton, Virginia. 


Ferrite Parts 


The availability of high-permeability 
ferrite parts using noncritical materials 
has been announced. Transformer cores, 
deflection-yoke cores, antenna cores, and 
permeability-tuning cores for television and 
electronics are now available in Ferroxcube 
3 and 38C materials, which are nickel-free.— 
Ferroxcube Corp. of America, 50 East 41 St., 
New York 17, N. Y. 


pH Meter and Probe Unit 


A pocket-size pH meter and companion 
probe unit permit instant on-the-spot pH 
determinations anywhere. Completely self- 
contained with batteries, this instrument is 
furnished in an ever-ready waterproof and 
fungus-proof case. Supports and beakers 
are eliminated by combining the calomel 
and glass electrodes with the sample holder, 
in a single polyethylene probe unit. The 
meter is scaled from 2 to 12 pH for easy 
reading, and a simple adjustment gives 
reading from 0 to 14. Accuracy of 0.1 pH is 
obtainable. Hearing-aid type batteries 
provide up to 1300 hr of operation. The 
electrometer tube, switch, and input con- 
nector are sealed in a single unit to ensure 
freedom from high-humidity difficulties. 
One-knob control and continuous reading 
features simplify operation.—A nalytical 
Measurements, Inc., 585 Main St., Chatham, 
New Jersey. 
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AND WHAT THEIR MAKERS 
HAVE TO SAY ABOUT THEM 


: 


Thermocouple Gage — 


A thermocouple vacuum gage, 
TG-09, in multistation form for z 
dehydrators, vacuum furnaces, and 
industrial high-vacuum equipment. — 
be supplied with two, three, four, f 


six stations, all reading on a single” 
The gage is simple to use, requiring onl 
the operator turn it on and read the 
sure. Range covered is from a few m 
to one millimeter Hg; more than he 
range of the indicating needle is devo 
the region below 60 microns. The g 
well suited for checking pump ope 
conditions because of its expanded 
in the region of diffusion-pump for 
sures.—Distillation Products Industrie 
of Eastman Kodak Co., Rochester 4, N 


Gear Trains é 


r 


Sealed self-oiling gear trains in @ 


variety of standard speed-changing 


for output-shaft torque loads up to 
Ib-in. The standard ratios range 
7200:1 to 25:1. Other ratios as hi 
216,000 to 1 can be obtained, depend: 
the load involved. These compact 
trains utilize hobbed gears only 
stamped gears—for accurate, quiet | 
tion and long life in applications calli 
the transmission of small amounts of j 
—Telechron Inc., Ashland, Mass. 


bH Meter and Probe Unit 


July, 
. 


y ercury Clutch Coupling 


Series E mercury clutch coupling is 
plete unit with provision for mounting 
dard flexible coupling between it and 
iven load. It was designed especially 
gstallation on the shafts of integral 


bower electric motors up to 15 hp 
r. The unit used in conjunction with a 
€ coupling provides a satisfactory con- 
pn between the motor shaft and the 
Wa shaft without the necessity of main- 
mg exact alignment.—Mercury Clutch 
ag Steel Products, Inc., Can- 
N10. 


Bonding Agent 


bonding agent, designated G-E 81267 
=r, makes possible a bond between 
ze rubber and metals or ceramics that 
songer than the rubber itself. This de- 
ment is a thin light-colored liquid 
san bond silicone rubber to almost any 
ce. Bonds to glass, ceramics, aluminum, 
tin, and copper are possible; shear 
measurements of bonds on steel 
proximately 700 psi. To mold and 
‘these silicone rubbers to a surface, 
qecessary to remove all grease and dirt 
the surface. The primer is then ap- 
by dipping, draining, spraying, or 
ning. The film should. be allowed to 
ry for 20 min. After the surface is 
d with water and dried, it can be molded 
pressure at 125 C against silicone 
r compound from 10 to 20 min., or 
25 min. in 40 psi steam, and it can 
ly be removed from the mold hot.— 
ral Electric Co., Chemical Department, 
veld, Mass. 


Electronic Device 


1 electronic device, called the Digital 
ler, for reading test instruments at 
is up to 50,000 readings per second and 
ing the readings on tape or punched 
; ready for computation. This instru- 
is expected to eliminate cumbersome 
an work involved in recording and com- 
ie from strain, pressure, acceleration 
temperature gages, pilot-plant, and 
> physical and control instruments 
research work in a number of indus- 
fields. This device, when linked to the 
uments to be recorded, rapidly con- 
the electrical signals it receives from 
instruments directly to convenient 
y-digital form for immediate analysis, 
mutation, smoothing, or storage on 
ding media.—Arthur D. Little, Inc., 
femorial Drive, Cambridge 42, Mass. 
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Tempilsti 


oh simple 
method of 
determining 
safe operating 
temperatures 
for 
e BUS BARS 
© POWER TUBES 
© TRANSFORMERS 
and other electrical 
equipment. 
also in: 
MOLDING 
CASTING 
FORGING 
DRAWING 
HEAT TREATING 
WELDING 
FLAME-CUTTING, etc. 


It's this simple. Select the 
Tempilstik® for the working 
temperature you want. Mark 
your workpiece with it. When 
the Tempilstik® mark melts, 
the specified temperature has 
been reached. 


gives up 
to 2000 
readings 


Available in these temperatures (°F) 


Also available in pellet or liquid form. 
FREE —While we cannot supply 
free Tempilstiks®, we will 


be glad to send you sample Pellets or 
sample Tempilaq® (liquid form) for trial 
under your actual working conditions. 
Be sure to state the temperature of 
interest to you. 


Lt fe) 
Tempil’ corp. 
132 WEST 22nd STREET 

New York 11, N. Y. 
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TRADE 
LITERATURE 


CoLLomaL GRAPHITE—An explanation of 
what “dag”’ colloidal graphite is and what 
its properties are. Includes data on its use 
in vacuum tubes, static elimination, copper- 
oxide rectifiers, light-sensitive cells, corona 
prevention, electrostatic shielding, etc. 
Contains technical graphs, formulas, and 
illustrations. Six pages. Bulletin No. 433.— 
Acheson Colloids Corp., Port Huron, Mich. 


ELECTRONIC PARTs—A catalog of radio, 
television, and electronic components de- 
signed particularly for industrial purchasing 
agents, research laboratories, universities, 
trade schools, and service dealers. Technical 
information is given on all items listed; 
drawings or illustrations are shown for 
many. One hundred and thirty pages. 
Catalog No. 51.—Sun Radio & Electronics 
Co., Inc., 122-124 Duane St., New York 7, 
New Vork. 


Fisrous MatTreritaALs—Descriptive sheets 
covering eight new Duroid special fibrous 
materials have been inserted in a looseleaf 
folder. Each sheet describes one product and 
lists its characteristics, test values, color, 
gages, etc. Illustrated on the back of each 
sheet are typical applications of the par- 
ticular Duroid. Twenty-two pages.—Rogers 
Corporation, Manchester, Conn. 


ImpuLsE TIMER—One page each is devoted 
to a brief summary of the features of the 
impulse timer, interval timers, process 
timer, and multiple-circuit cycle timer for 
use throughout industry. Four pages. Bul- 
letin No. 142.—Zenith Electric Co., 152 
West Walton St., Chicago 10, Illinots. 


PotHEAps—Provides a listing of capnut, 
disconnecting, and straight-through pot- 
heads, as well as all pothead parts. For the 
first time, a new rubber bushing stuffing box 
for all leaded and nonleaded cables is 
described. Also included are directions for 
installation of potheads. Single-conductor 
and 16 standard shapes of multiple-con- 
ductor potheads are listed in ratings from 
600 to 34,500 volts. Seventy-two pages. 
Bulletin AB51.—G & W Electric Specialty 
Co., 7780 Dante Ave., Chicago 19, Illinois. 


STAINLESS STEELS—Properties, forms, and. 
fabrication of Armco 17-4 PH and 17-7 PH 
stainless steels are given, as well as the 
advantages, corrosion resistance, and heat- 
treatment. Photographs show typical appli- 
cations. Sixteen pages. Titled ‘“Armco Pre- 
cipitation Hardening Stainless Steels.’’— 
Armco Steel Corp., Middletown, Ohio. 


TERMINALS AND CONNECTORS—Pressure 
terminals and connectors for every type of 
application on all wire sizes from No. 26 
through 250 mcm are conveniently listed. 
One section lists Armed Forces procurement 
numbers, with corresponding catalog num- 
bers. Details on installation tools are given, 
as well as a brief listing of other products. 
Forty-four pages. Bulletin No. 61.—Thomas 
& Betts Co., Elizabeth, New Jersey. 


THERMO-REGULATORS AND THERMOSTATS— 
A useful aid to those interested in precise 
temperature control and regulation. The 
equipment described includes advanced- 
design Quick-Set and Red-Top thermo- 
regulators, and multicontact thermo-regu- 
lators with 3 to 14 operating contacts, as 
well as simpler types. Twelve pages. Catalog 
No. 18.—H-B Instrument Co., Dept. TR, 
2683 Trenton Ave., Philadelphia 25, Pa. 
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(Available books may be purchased through the GENERAL ELECTRIC REVIEW for domestic delivery; none sent on approval.) 


Unit OPERATIONS 


George Granger Brown and others—John 
Wiley & Sons, New York. 1950. 611 pp. 
$7.50. 


This clearly written book is, in some ways, 
more suitable for a first course in unit opera- 
tions and as reference material than stand- 
ard texts now in use. Unusually thorough 
descriptions of equipment by photographs, 
diagrams, and texts are included. This 
should aid students in understanding the 
application of theory, data, correlations, and 
methods of calculation concerned with each 
type of operation. 


Treatment of solid materials is consider- 
ably more extensive than in previous texts. 
Except for more material on a few processes, 
such as liquid-liquid extraction, the cover- 
age of other operations is comparable to 
other works. Good use of recent literature is 
evident. 


Arrangement is in order of increasing 
difficulty, which in some cases puts basic 
theories after their application. This is not 
a serious fault, however. Indexing is ade- 
quate and nomenclature is generally con- 


sistent. 
A. J. ARKER 


PHYSICO-CHEMICAL CONSTANTS OF PURE 
ORGANIC COMPOUNDS 


J. Timmermans—Elsevier Publishing Co., 
New York. 1950. viii+693 pp. $12.50. 


This book presents in one volume a 
compilation of physical constants for pure 
organic compounds which have survived 
many rigorous selection standards, and it 
can be used with confidence. Data that 
have been published as recently as 1949 are 
included, in an easily read tabular form. 
The compounds, in addition to being ar- 
ranged by type, can be located easily by 
use of either the Formula or Subject 
Index. 


There is a lack of uniformity in reporting 
temperatures, which will be confusing to 
many people. As an example, on pages 12 
_and 13 temperatures of 273.18°, —182.97°, 
and 444.60° are recorded, while on page 238 
the boiling point of 1,1-dichloroethane is 
given as 57°1, 57°25, and 57°30 instead of 
the more common decimal notation 57.1°, 
57.25°, and 57.30°. This lack of uniformity 
is unfortunate. 


SEXTON CAN COMPANY 


Incorporated 


Everett 


Manufacturers of 
Ash Barrels 
Kitchen Waste Cans 


CAPACITOR CASES 
both Fabricated and Deep Drawn 


FIVE GALLON 


Open and Closed Top Ship 


METAL STAMPINGS 


Massachusetts 


The book will, in spite of this objection, 
be of great value to chemists in any branch 
of chemistry and to chemical engineers. 

CHARLES A. BURKHARD 


TRAVELING WAVES ON TRANSMISSION SYS- 
TEMS (2nd Ed.) 

L. V. Bewley—John Wiley & Sons, New 
York. 1951. 543 pp. $12.00. 

An extension of the first edition, pub- 
lished in 1933, this second edition of the 
book presents the interconnected series of 
concepts and conceptual schemes of tran- 
sient surge phenomena on electric power 
lines and in transformer windings. 

Included in the text and verifying many 
of the concepts from the theoretical 
analyses are the results from experiment 
and observation. Among the subjects 
covered are: line equations, ground wires, 
traveling waves, counterpoises, induced 
lightning surges, switching surges, protec- 
tion of transmission systems against surges, 
and high-frequency oscillations and ter- 
minal transients of transformers. To the 
engineer and to the student (problems have 
been added) the book, with its methods of 
analysis, should prove fruitful in the solu- 
tion of problems of surge phenomena and of 
surge protection. One of the most complete 
of the limited number of books of its kind. 

: I. B. JOHNSON 


IONIZATION CHAMBERS AND COUNTERS 


D. H. Wilkinson—Cambridge University 
Press, New York. 1950. 266 pp. $4.50. 


This latest of the Cambridge Monographs 
on Physics is an excellent treatise on detec- 
tion instruments of nuclear physics which 
depend on ionization in gases. It contains 
very thorough treatments of fundamentals, 
including the properties of ionizing particles, 
the behavior of ions and electrons in various 
gases, and the electrostatics of pulse forma- 
tion. All types of ionization chamber and 
the proportional and Geiger counters are 
treated thoroughly, in separate sections, 
from both theoretical and practical stand- 
points. Electronic amplifying recording de- 
vices are not included. The book should have 
considerable practical value to experi- 
menters as a guide to proper choice and use 
of ionization detectors. 

GEORGE C. BALDWIN 


Underground Garbage Receivers 


ping Containers 


SPECIAL SHEET METAL WORK 
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KEEP AHEAD — 
WITH THE REVIE\ 


SUBSCRIBE TODAY! 


General Electric Review, Schenectady 5, N 
Please enter my subscription to the REVI 
I enclose 0$8.00 for 3 years; 0$4.00 for 1 


CoLLo1p CHEmisTRY: Vol. VII—Theot 
and Applied 


By Selected International Contril 
(Collected and edited by Jerome Alexa 
—Reinhold Publishing Corp., New 
1950. x +736 pp. $15.00. i 
The 43 papers in Volume VII of Al 
der’s long series are in general well w 
and contain a large number of refer 
The range of subjects is amazingly 
covering such things as dental carie 
food packaging in addition to those u 
termed ‘‘colloid chémistry.’’ Because « 
diversity there will be few people wh 
fail to find at least one of the pap 
interest. § 
The plan of the book is attractive ar 
printing easy to read. ; 
A. M. Bt 


METHUEN’s MONOGRAPHS ON PHy 


SUBJECTS 
John Wiley & Sons, New York. 1950. 


SPECIAL THEORY OF RELATIVITY (8rd } 
Herbert Dingle—94 pp. $1.25. 


Here is a small volume that is extr 
comprehensible, on a topic often reg 
as bordering on the metaphysical. The 
argument for the validity of the equ 
of the theory is based on the experime 
observed fact that ‘‘there is no mean: 
absolute motion.”’ After discussing so 
the attempts (including the Mich 
Morley and the Kennedy-Thorndike e 
ments) to determine motion relative 
hypothetical (stationary) ether, the a 
shows that the definition of a length] 


be replaced by the magnitude lV 
where 8 = v/c = the ratio of the ve 
of the object in the direction in whic 
measured, and ¢ is the velocity of 
Similar transformations involving | 
necessary to obtain generalized defin 
of time, velocity, mass, acceleration 
force. The whole set of equations de 
by Einstein on the basis that c is a f 
mental constant, independent of the ve 
of the system in which it is measur 
thus shown to form a logically cons 
set of relations. The author also ind 
the manner in which the transition ¢ 
made from the special to the general t 
of relativity, and makes some very a 
marks on the philosophical implicati 


% 


-—s 


Hew concepts. The booklet should be 
st’’ for all readers interested in a 
exposition of the theory. 

3 SauL DusHMAN 


SUIDES (3rd Ed.) 
uL. Lamont—118 pp. $1.50. 


ost of the monographs of the series, 
a highly concentrated treatment of 
ject. It presupposes a knowledge of 
xwell equations in vector form and 
amiliarity with their manipulation. 
serve as a handy reference to the 
eoretical aspects of wave-guide trans- 
for an experienced person, but could 
used as an introduction to the sub- 
seems accurate, well organized, and 
e. Once the reader is familiar with 
Hanization and nature of the content, 
d be a useful reference to many of 
Nandard answers. A further useful 
is the bibliography, which has been 
sd according to subtopics of most 
interest. The illustrations are not 
ve and, in a few cases, are hard to 
Hause of the small size of the book. 
E. D. McArTHUR 


buctioN TO SERVOMECHANISMS 
ter—(1951) 154 pp. $1.75. 


Porter has given an excellent intro- 
Wy treatment of the nature of servo- 
misms. Several typical problems of 
is and design are used to illustrate 
s of improving the response or stabil- 
quently encountered systems. 

this book was not intended as a 
ok for the specialist, the use of the 
e Transformation and other special 
natical tools has been avoided. 
jare, however, frequent biblicgraphical 
ices to special techniques which might 
it the specialist. 


The book concludes with a few brief 
notes on nonlinear problems, primarily 
serving to round out the basic picture of 
servomechanisms being presented. 

S. G. REQUE 


PHOTONS AND ELECTRONS 
K. H. Spring—108 pp. $1.75. 

_The stated purpose of this book is ‘“‘to 
give a fairly brief account of the main ways 
in which electrons interact with radiation 

. . [particularly at] high energies.”’ A great 
deal of information, with numerous refer- 
ences to the literature, is compressed into 
its pages; and for this reason it may be a 
useful starting point in the field. The book 
is evidently aimed at the reader with no 
prior knowledge of modern physics since, 
in the early pages, an attempt is made to 
provide this background. Owing to limita- 
tions of space, this introductory treatment 
is superficial and, in some places, mislead- 
ing. It would probably have been better to 
use the space to allow a less hurried treat- 
ment of the main subject. 

Matcotm H. Hess 


SEMI-CONDUCTORS 
D. A. Wright—(1951) 130 pp. $1.75. 


This is a short review of some of the 
properties of semiconductors, especially 
surface properties such as thermionic emis- 
sion and boundary rectification. The main 
drawback of the book is that it may not 
appeal either to the general reader or the 
specialist; the background theory is very 
sketchily stated, and there is relatively little 
information that will be of value to special- 
ists. The book will be particularly useful to 
students of the fields of thermionic, photo- 
electric, and secondary emission. 

W. C. DunvapP, JR. 


ACTUAL BAR 
PATTERN 
ON ANY IV 
RECEIVER 
SCREEN!! 


TWO SIMPLE STEPS 


1. Connect Bar Gen- 
erator to Antenna Post 
of Any TV Receiver. 


2. Plug Line Cord into A.C. 
Outlet and Throw Switch. 


RESULTS —A stable never- 
shifting vertical or horizontal 
pattern projected on the screen of 
the TV receiver under test. 


Manufactured and Guaranteed by 


SUPERIOR 


227 Fulton Street e 


INSTRUMENTS CO. 


New York 7, N. Y. 
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TELEVISION 
PRINCIPLES 


Just Published! 
1. This new book covers the television engineer- 
ing field from the origin of the picture signal at 
the camera, to the reproduction of the picture at 
the receiver picture tube. Giving both principles 
and working “‘tools,” the book stresses such 
topics as: video amplifiers, 
cathode followers, ground- 
ed grid amplifiers, signal-— 
to noise ratios in head-ends, 
and detection, etc. By 
Robert B. Dome, Electrical 
Consultant of Receiver Divi- 
sion, General Electric Co. 
281 pages, 85 illus., $5.50. 


QUALITY 
CONTROL 


Just Published! 

2. A new guidebook, written from both an 
organization-administrative and technical point 
of view, that shows how to set up, maintain, and 
get support for a quality control program. Tells 
what quality control is, how it is used, how much 
it costs, what are its benefits, how it is introduced 
and maintained, how and when statistical 
methods are applied, etc. By A. V. Feigenbaum, 
Secretary, Quality Control Coordinating Com- 
are General Electric Co. 443 pages, 166 illus., 
$7.00. 


ELECTRONIC MOTOR 


AND 
WELDER CONTROL 


Just Published! 
3. Offers practical assistance 
in the selection, installation, 
and servicing of electronic 
controls for motors and resist- 
ance welders. Covers in detail 
circuits for basic welding con- 
trols—sequence timers—posi- 
tion controls—the electronic 
amplidyne—and many others. 
By George M. Chute, Applica- 
tion Engineer, General Electric 
Co. 348 pages, 179 illus., $6.50. 


INDUSTRIAL 
ELECTRONIC 
CONTROL 


4. Here is the background information you need 
to sell, install, and service electronic equipment 
more efficiently. The book explains types of 
electron tubes, fundamental circuit components, 
and basic electronic circuits, and analyzes com- 
plicated circuits used in modern industrial 
practice. By W. D. Cockrell, Industrial Enguneer- 
ing Divisions, General Electric Co. Second Edition. 
385 pages, 270 illus., $4.50. 


SEE THESE BOOKS 10 DAYS FREE 


McGraw-Hill Book Company, Inc. 
330 W. 42nd St., New York 18, N. Y. 


Send me book(s) corresponding to numbers 
checked below for 10 days’ examination on ap- 
proval. In 10 days I will remit for book(s) I 
keep, plus few cents for delivery, and return un- 
wanted book(s) postpaid. (We pay for delivery 
if you remit with this coupon; same return 
privilege.) 
1. Dome—TELEVISION 
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DAVEN TRANSMISSION 
MEASURING SET 7A 


Equipment specially designed for use by utilities, 
telephone and power companies. May be directly 
applied to measuring gains or losses through ampli- 
fiers, repeaters, attenuating networks or communi- 
cation lines. 


TRANSMISSION SECTION 


GENERATED FREQUENCIES: 500, 1000, 2500 
cycles per second. 

OUTPUT LEVEL: —13, 0, +4 and +10 dbm. 

INPUT and OUTPUT IMPEDANCE: 600 ohms 
over entire frequency range. 


RECEIVING SECTION 


FREQUENCY RESPONSE: Within +1.0 db 
from 50 to 15,000 cps. 

AMPLIFICATION RANGE: —10 to +30 db in 

2 db steps. 


DAVEN TRANSMISSION 
N. only is the Daven Company the largest MEASURING SET LIA 


supplier of transmission measuring sets, but it . 3 
A moderately priced instrument for broadcast 


equipment. A simplified, accurate, direct reading 
strument for the measurement of the transmis- instrument, designed to make measurements in 
accordance with FCC regulations. 


is also a source for every needed type of in- 


sion charactétistics of communication systems. | 
It furnishes units to check all types of broad- FREQUENCY RANGE: 20 CY to 20 Kc. 


cast equipment and audio devices for com- ACCURACY: +0.1 db, 20 CY to 20 Kc. 
RANGE OF LEVEL: 


+ 4to —110 db 


mercial and industrial use as well as for 
organizations such as utilities, telephone and —10 to —124 af in steps of 0.1 db. 


power companies. Therefore, whatever your APPLICATIONS: 


requirements are in this field, write to Daven (a) Audio gain and loss measurements. 
(b) Measurements of matching and bridg- 
: ing devices. 

terial, and outline your (c) Complex circuit measurements. 
own particular problems for (d) Measuring mismatch loss. 
specific assistance from our (e) Frequency response measurements. 


for complete catalog ma- 


engineering staff. 


(a7 CENTRAL AVENUE 


HIXES DAM. When 30,000 gallons of 
jber minute began leaking through the 
Coulee Dam, engineers plugged the leak 
st! They used bentonite, a volcanic 
ust that holds up to 15 times its own 


+ of water. 
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OIL SPIC AND SPAN. Air-Maze liquid 
remove abrasive particles from engine 
ants, fuels and hydraulic fluids. “Disc” 
iction provides many times more net 
e filter area than other types of perma- 
Iters. All-metal construction. Like new 
eaning. 


SURRENDERS! Damaging dust can’t get 
racuum pump engines equipped with 
aze closed-circuit Multimaze filters. 
maze filters remove practically all abra- 
ust and grit. They’re easily serviced — 
metal construction. 


ER YOU BUILD OR USE engines, com- 
ors, air-conditioning and ventilating 
ment, or any device using air or liquids 
chances are there is an Air-Maze 
engineered to serve you better. Repre- 
tives in all principal cities, or write 
laze Corporation, Cleveland 5, Ohio. 


the Filter Engineers 
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@ Measures A.C, 


and D.C. Voltages, 
A.C, and D.C. Cur- 
rent, Resistances, 
etc. 

@® Will measure 
the current con- 
sumption while the 
appliance under 
test is in oper- 
ation. The ap- 
pliance or 
utility may be 
plugged direct- 
ly into the 
front panel re- 
f ; ceptacle. A 
special pair of insulated clip-end leads is 
included for motors, etc. 
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| 
) Incorporates a sensitive sane 
resistance range which will accurately mea- 
sure all resistances commonly used in elec- 
trical appliances, motors, etc. This range 
will enable continuity checks and tests for 
shorts and opens. 
@ Will test thermostats, lamps, tubes, 
fluorescents, all fuses, condensers, field coils, 
fans, heaters, washers, soldering irons, melt- ! 
ing pots, air-conditioners, ballasts, lighting 
systems, electric ovens, solenoids, circuit 
breakers, also all motors — single phase, 
multi-phase, universal, squirrel cage, induc- 
tion, in fact every type of motor from frac- 
tional H.P. to 2 H.P. 
' 


Handsome round cornered 
molded bakelite case 314” x $ 90 
57%” x 214”. Complete with all 

test leads and instructions. 


SUPERIOR ELECTRONIC CO., INC. 


Dept. E 227 Fulton St., New York 7, N. Y. 
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100,000 
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Standard 
Models to 
50,000 cps. 
e 
Custom-built 


Models to 
100,000 cps. 


Fie TELE. 


Unrivaled in audio spectrum recording mid 
pioneers in critical instrumentation re- 
cording . . . 1 to 14 channel models. 


AMPEX Magnetic Tape 
Ampex Electric Corp. 


RECORDERS 
San Carlos, California 


Standard of the Great Radio Shows 
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SYSTEMS 


By HAROLD A. PETERSON 
University of Wisconsin 


lnchides Much Data Never Published Before 


Organizes results of many investigations 
made with the help of differential and 
transient analyzer and other new tools 
and methods. Stress is placed on over- 
voltage. The author summarizes all data 
in the form of curves for rapid calcula- 
tions and use. Many studies made by the 
author and his associates since 1935 are 
integrated with his new presentation. 


Covering— 

—overvoltages during power system faults 

—effects of saliency on overvoltages 
during faults 

—system voltage recovery characteris- 
tics—fundamental characteristics 

—system voltage recovery characteris- 
tics—miniature system approach 

—effects of arc restriking on recovery 
voltage 

—switching surges— capacitive circuits 

—-switching surges and overvoltage ar- 
rester discharge requirements 

—overvoltage caused by open conductors 

—some additional non-linear circuits 
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LIBRARY NOTES 


ON ARTICLES IN OTHER TECHNICAL JOURNALS 


BRIGHTNESS 


COMFORTABLE BRIGHTNESS RELATIONSHIPS 
FOR CRITICAL AND CAsUAL SEEING, by 
Sylvester K. Guth. Jilum. Engng., Feb. 
1951; v. 46, p. 65. 
The relationship between the brightness 
of a source which produces a sensation of 
distraction and its position in the visual 
field has been determined. 


SUPRATHRESHOLD AREA BRIGHTNESS RE- 
LATIONSHIPS, by R. M. Hanes. Optical 
Soc. of Am. Jour., Jan. 1951; v. 41, p. 28. 


Size-brightness relationships have been 
studied at four intensity levels for five 
different stimulus sizes. 


CALCULATING INSTRUMENTS 


ANOTHER NEW HIGH-PRECISION, UNIVER- 
SAL-FREQUENCY COMPUTER COMPONENT, 
by Donald Herr and others. Am. Soc. Nav. 
Engrs. Jour., Feb. 1951; v. 63, p. 161. 


Describes a linear induction poten- 
tiometer of superior accuracy, internal 
noise, and useful rotational angle. 


NATIONAL BUREAU OF STANDARDS EAs- 
TERN AUTOMATIC COMPUTER. Engr., Feb. 
16, 1951; v. 191, p. 215. 


A description of “‘SSEAC,”’ the new Bu- 
reau of Standards computer. 


CASE HARDENING 


““DECARB” 
TO CONTROLLED ATMOSPHERE, by John E. 
Tschopp. Am. Mach., Feb. 19, 1951; v. 
95, p. 142. 


Describes the restoration of depleted sur- 
face carbon to screw products made from 
normal decarburized steel stock, by prop- 
erly controlling the hardening-furnace 
atmosphere. 


WuicuH PROCESS FOR CASE-HARDENING 
STEEL—CARBURIZING, NITRIDING, OR CAR- 


BONITRIDING? by Kenneth Rose. Mat. &° 


Methods, Feb. 1951; v. 33, p. 62. 


A comparison of the three types of proc- 
esses, with a general outline of the field of 
each. 


DIE CASTING 


COLLOIDAL GRAPHITE LUBRICATES DIE- 
CASTING MACHINES, by W. E. Lang. Jron 
Age, Feb. 22, 1951; v. 167, p. 83 


How colloidal graphite lubricates various 
working parts of the diecasting machine 
in addition to acting as the die lubricant. 


DIECASTING MACHINES FED AUTOMATI- 
CALLY, Iron Age, Feb. 15, 1951; v. 167, p. 100. 


Electromagnetic molten metal pumps feed 
metal directly into diecasting machines, 
eliminating the hand ladling formerly used. 


DRYING 


STEPS IN THE SELECTION OF DRYING 
EQUIPMENT, by S. J. Friedman. Heat & Vent., 
Feb. 1951; v. 48, p. 96. 


Rules are given for the proper selection 
of a dryer for a given service. Six ex- 
amples are introduced to clarify the pro- 
cedure in solving special problems. 
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ON SCREW PrROpUCTS YIELDS 


ELECTRIC DRIVE 


INDIVIDUAL Motor DRrIvEs SIMPLIFY YARN 
Winpers, by W. L. Perry. Elec. Mfg., Mar. 
1951; v. 47, p. 86. 


Describes application of power at the 
point of use within the machine to im- 
prove performance and permit the use of 
assembly-line techniques. 


INSTRUMENT AND CONTROL MAINTENANCE 
IN A STEEL MILL, by J. H. Cuthbert. 
Instruments, Feb. 1951; v. 24, p. 212. 


Describes the instrumentation of a large 
steel mill, and some of the problems en- 
countered in metering and controls. 


ELECTROPLATING 


CONTINUOUS ELECTROPLATING EFFECTS OP- 
ERATIONAL Economy, by Dan _ Reebel. 
Steel, Feb. 19, 1951; v. 128, p. 64. 


Describes a complete continuous proc- 
essing cycle for electroplating and phos- 
phatizing. 


ELECTROFORMING—A. MAss-PRODUCTION 
Too. Steel, Feb. 12, 1951; v. 128, p. 77. 


Tough design problems on intricately 
shaped metal parts are being solved suc- 
cessfully by improved electroforming 
techniques. 


FATIGUE OF METALS 


FATIGUE FAILURES ARE TENSILE FAILUREs, 
by J. O. Almen. Prod. Engng., Mar. 1951; 
v. 22, p. 101. 


Reinterpretation of load test data in terms 
of residual stresses, indicating that supe- 
rior fatigue strength can result from frac- 
ture barriers established by beneficial 
residual stresses that are induced by 
fabrication operations or that are pro- 
duced by prestressing processes. 


FatiGuE TrEsts OF BEAMS IN FLEXURE. 

Weld. Jour., Mar. 1951; v. 30, p. 105. 
Results of fatigue tests on various types 
of beams similar to those used in actual 
structures and subjected to repeated 
cycles of loads. 


‘MEASURING INSTRUMENTS 


MEASURING Humipiry EQuiLisria, by 
Arthur H. Landrock and Bernard E. Proc- 
tor. Modern Packaging, Feb. 1951; v. 24, 
p. 128 


Describes a new rapid graphical inter- 
polation method of measuring the equilib- 
rium relative humidity of a substance. 


New TyPE COUNTING-RATE RECORDER, by 
(eh ee Anger. Nucleonics, Feb. 1951; v. 8, 
Pp. 


A standard scaler and a recording milli- 
voltmeter were modified to form an in- 
strument that plots points directly pro- 
portional to arithmetic mean of count 
during fixed intervals. 


OSCILLOSCOPE FOR THE OBSERVATION OF 
LONG-DURATION TRANSIENTS, by A. E. 
Ferguson. Jour. Sci. Instr., Feb. 1951; v. 
28, p. 52 


An oscilloscope is described for the ob- 
servation of transients lasting up to 30 
seconds or longer. 
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PLASTICS 


PROMISE OF REINFORCED PLASTICS 1 

FENSE, Modern Plastics, Mar. 1951; 

p. 55. . 
Covers the probable supply situa 
resins and glass reinforcements, a1 
basic unclassified defense applic 
Serial. 3 


THERMAL EFFECTS IN CALENDERIN 
cous Fiuips, by M. Finston. Jour 
Mech., Mar. 1951; v. 18, p. 12. 
Describes the thermal effects produce 
rolling plastics to form sheets. 


POWER PLANTS, ELECTRIC 


Costs ANALYSIS FOR 160-mMw UNIT: 
ors 1800 Psi, 1000 F REHEAT, by G 
Milne. Elec. Wid., Feb. 26, 19515) Vv. 
p.89. a 
Study for New York’s new station 
verged to 32 combinations of pr 
temperature, boiler, and heater arra 
ments. 


Wuat WILt Future STEAM Power PL: 
Cost? Power Engng., Feb. 1951; v. 55, } 
Presents a method of estimating © 
vestment cost of a future power 
based on published costs of similar pl: 


RADIO ENGINEERING 
NEw LOUDSPEAKER OF ADVANCEDA 


way loudspeaker system. 


PROPAGATION CHARACTERISTICS IN A 
AXIAL STRUCTURE WITH Two DIELECT 
by Alfredo Banos, Jr. and othe 


The results of some extensive comy 
tions of the propagation constants fo: 
two lowest Se oe symmncaa 


First of a series covering maintenance 
operation. 


LOW-TEMPERATURE REFRIGERATION 
rEMs, by Thomas Lopiccolo, Refrig. Em 
Mar. 1951; v. 59, p. 239. 


The design considerations that 4 
selection of equipment for ultré 
temperature applications. 


WELDING 


Is THE INDUsTRY’s NExT BiG ADy. 
ULTRASONIC WELDING? by Thomas A. I 
inson. Weld. Engr., Feb. 1951; v. 36, ] 


A soldering iron with a magnetostri 
transducer, announced by a British 
facturer, will break up the oxide fi 
aluminum while soldering. 


Stup WELDING Makes TouGH Pash 
Jos Easy. Mill & Factory, Feb. 195 
48, p. 96. ; 
Describes stud welding and its @ 


cations. 
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